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Scope and Purpose 
As the industrialized world becomes increasingly aware 
of its energy shortages, alternate sources of energy are being 
sought. One of the alternatives presently under scrutiny is 
the wind. 
Wind is an inexhaustible source of power, and it exists 
at practically every location on the planet earth. The energy 
contained in the wind is free, and its conversion into electri­
city causes no pollution of the environment. 
This study has attempted to determine whether or not it 
is presently economically feasible for Central Montana residents 
to produce their own electricity, using domestic-scale wind 
generators. 
Central Montana residents are acutely aware of the pres­
ence of almost continuous and frequently strong winds, but 
most have no tangible concept of the wind's potential for prac­
tical application in modern times. Hundreds of windmills used 
for pumping water in earlier times still dot the Montana land­
scape, but most have fallen into disuse as a result of the 
introduction of inexpensive dependable commercial electric 
power. Small wind generators used in isolated areas of the 
United States in the early 1900s also disappeared as the Rural 
1 
2 
Electrification Administration brought electricity to those 
regions. 
Past wind power developments are reviewed in this chap­
ter. Current efforts to efficiently and economically harness 
this valuable energy resource are described. 
Reasons for Revival of 
Interest in Wind Power 
Industrial nations have drawn heavily upon fossil fuels 
over the years and now man is realizing that these energy 
sources are becoming more and more scarce and expensive to ex­
tract from the earth. The demand for energy is increasing at 
an exponential rate. Of the world's energy, 35 percent is con­
sumed in the United States alone which contains only 6 percent 
of the world's population. At the present rate of use, America 
will be consuming five times as much energy in twenty-five years 
as it is using today. However, fossil fuels are not sufficient 
to sustain that rate of growth.^ 
Other factors that have contributed to the present-day 
fossil fuel shortages are low fuel prices, lagging exploration 
for new supplies and no long-range plan for the development of 
alternate sources of energy. Ninety-five percent of this coun­
try's fuel burden has been placed on fossil fuels. It is esti­
mated that proven oil reserves in the United States will be 
depleted in twenty to twenty-five years, and domestic supplies 
^"8-Page Special Report on Energy," National Wildlife, 
October-November 1974, p. 14. 
3 
of natural gas will be gone in twenty years. Coal deposits 
may be sufficient to last five hundred years unless there is 
a big switch to coal, in which case supplies may be exhausted 
in less than two hundred years. Petroleum is especially impor­
tant since it is presently the only practical fuel for powering 
vehicles, but it is also vital in the manufacture of many pro­
ducts such as fibers, fertilizers, plastics, and pharmaceuticals. 
Short range actions to help remedy this problem include 
new conservation measures and possible expansion of fossil fuel 
reserves through exploration, research, coal gasification, shale 
oil development and bioconversion. 
Alternative energy sources must be developed quickly, 
however, if the United States is going to decrease its depend­
ence upon fossil fuels. Solar energy will soon be able to 
provide up to 80 percent of home heating requirements. Geo-
thermal power is already being tapped in limited areas of the 
world where there is appropriate volcanic or earthquake activity. 
Hydrogen offers great potential as a nonpolluting substitute 
for gasoline, natural gas and fuel oil. It may also be used 
in fuel cells to produce electricity. Ocean tides and ocean 
water temperature differences can also be used to produce elec-
. . 2 tricity. 
Of all the alternatives being explored, wind is one of 
the oldest and most well-understood sources of energy. Wind 
power generation is relatively unsophisticated and may be 
^Ibid., p. 13-20. 
4 
installed locally, eliminating the need for long-distance 
transmission and dependence upon centralized commercial sources. 
Wind-generated electricity may also be used to produce hydrogen, 
a versatile and practically pollution-free fuel. 
Since 1950 little research has taken place on wind power 
because wind generators had become quite uneconomical when com­
pared with commercial power. However rising fuel prices dur­
ing the past few years, improved materials, helicopter technol­
ogy, automatic controls and computer modeling techniques have 
3 
provided a new lease on life for wind-generated electric power. 
Unfortunately, all of the low-pollution renewable energy 
sources presently have a low priority in the federal budget. 
Nuclear fission development is receiving most of the energy 
research funds at the present time. However, nuclear fission 
seems destined for a rather short life since domestic uranium-
235 deposits will be exhausted in about twenty-five years. 
Breeder reactors are currently the focus of major government 
research, and they have the potential to produce more fuel than 
they will consume. Like the light water reactors now in use, a 
major problem is finding a way to safely dispose of the radio­
active wastes they produce. Thermal pollution is also a chief 
cause for concern. The cost of research and development is ex­
tremely high.^ Nuclear fission offers promise for the future 
^National Science Foundation, "Fiscal Year 1975 Budget 
to the Congress," n.d., p. G-1-10 . 
^Edwin L. Kennedy, "Sources of Energy; Fuel for the 
Future," Petroleum Today, 1972, p. 9. 
5 
but probably won't be economically available for at least 
thirty years.^ 
Energy consumption in the United States is growing at 
a rate of about 4 1/2 percent per year, but since 1970 the 
nation's energy production growth rate has been at a virtual 
standstill. The country now imports about 15 percent of its 
energy in the form of petroleum, natural gas and other raw 
materials.^ With the depletion of fossil fuels, the rising 
cost of electricity and increasing pollution of the environment, 
a concerted effort must be made without delay to develop the 
inexhaustible energy from the winds. 
History of Wind Power Development 
Since prehistoric times man has used the wind as a source 
of energy, first for driving his ships and later for other pur­
poses. Windmills were used in Persia and China thousands of 
years before Christ. Babylonians used them to pump water in 
1700 B.C., and the Dutch used them in the fifteenth century to 
grind corn.^ 
In the 1890s, a Danish professor and wind-power pioneer, 
Poul La Cour used wind-generated electricity to produce hydro­
gen and oxygen by electrolysis, and the local school where he 
^"8-Page Report," p. 19. 
^Preliminary Report of the Ford Foundation Energy Policy 
Project on Exploring Energy Choices, by S. David Freeman, Pro-
ject Director (Washington, D.C.: TTTe Ford Foundation, 1974), 
p. 3. 
^"It's An Ill-Wind, etc.," Wall Street Journal, 11 Janu­
ary 197 5, p. 1. 
6 
taught was illuminated by "Drummond Light," an oxygen-hydrogen 
flame directed on a zirconium element, causing it to emit a 
brilliant light.^ 
In 1894 an Arctic explorer, Fridtjog Nansen, charged 
batteries in the polar sea with a windmill which drove a 
g 
dynamo. 
Windmills played an important role in the development 
of the United States, particularly in the Midwest and Far West 
where they were used to operate sawmills, pump water and later 
to generate electricity. Between 1880 and 1930 more than six ' 
10 
million windpumps were manufactured in the country. 
In the mid-1930s, the Wincharger Corporation of Sioux 
City, Iowa and the Jacobs Company of Minneapolis, Minnesota 
began manufacturing wind generators for application in remote 
areas where commercial power had not yet been provided. 
As recently as the 1940s there were around fifty thou­
sand working wind generators scattered around the isolated 
areas of the United States. However, by the early 1950s, the 
Rural Electrification Administration had brought inexpensive 
power to almost all of rural America, and the manufacture of 
wind generators ceased almost entirely. 
8 
Wilson Clark, "Interest in Wind is Picking Up as Fuels 
Dwindle," Smithsonian, November 1973, p. 72. 
^John Shuttleworth, ed., The Mother Earth News Handbook 
of Homemade Power (New York: Bantam Books, 1974), p. 164. 
^^"Ill-Wind," Wall Street Journal, p. 1. 
7 
Between 1930 and 1950, research and development of large-
scale wind turbines were carried out in various parts of the 
world. The world's largest was the Smith-Putnam wind genera­
tor, constructed in 1941 near Rutland, Vermont. A 110-foot 
tower supported a propeller measuring 175 feet from tip to tip 
and weighing in excess of sixteen tons. The 1.25 megawatt out­
put was 'fed into the main power grid of the Central Vermont 
Public Service Corporation. After producing almost 300,000 
kilowatt-hours of electricity during 1942, the machine suffered 
a bearing failure in January of 1943.^^ This terminated its use 
for a year due to a shortage of parts during World War II. In 
1945, soon after the bearing had been replaced, the project came 
to an abrupt halt when one of the eight-ton blades flew off and 
landed on its tip 720 feet down the hill. The blade failure 
was caused by wind stress encountered while the turbine had been 
shut down. The project was abandoned in 1945 when its sponsors 
decided that its economic value was questionable. The wind tur­
bine had cost $1.25 million to build in 1941. It was determined 
after this experiment that steam-generated power was less expen-
12 
sive to produce. 
The most important outcome from the Smith-Putnam genera­
tor, in spite of its mechanical failure, was the demonstration 
that large-scale wind turbines are technically feasible. 
^^Federal Power Commission, Staff Report on Wind Power, 
n.p., September 1973, p. 6. 
12 
Vernon Pizer,. "Harnessing the Wind," American Red 
Cross Youth News, February 1975, p. 23. 
8 
Interest in wind power was fostered in the late 1940s 
by War Production Board director Vannevar Bush and by Percy H. 
Thomas, a consultant to the Federal Power Commission. Feasi­
bility studies were made by researchers from New York Univer­
sity, and in 1951 the Department of the Interior asked for funds 
to build a prototype high-tower, large capacity machine. How­
ever, the project died in the House Committee on Interior and 
Insular Affairs. 
The focus on wind power research then shifted to other 
countries. The results of progress made during previous years 
were published in a 1964 report on a United Nations' conference 
held in Rome during 1961 on new energy sources. 
Current Activity 
Since 1970 there has been a great deal of renewed acti­
vity in wind generator research and development as well as in 
the marketing of some imported domestic-scale models. One United 
States manufacturer, the Zephyr Wind Dynamo Company, Brunswick, 
Maine, is producing an American-made unit, and another company 
(Independent Power Developers, Noxon, Montana) is currently de­
veloping a wind electric system to be produced later in 1975. A 
few other American companies are in the development stages of 
manufacturing wind generator systems or components. Also, retail 
13 
Julian McCaull, "Windmills," Environment, January-
February, 1973, p. 14. 
^^United Nations' Conference on New Energy Sources, Pro­
ceedings (New York: United Nations, 1964). 
9 
distributors are rapidly appearing throughout the country. 
In 1973 the Solar Wind Company of East Holden, Maine was the 
only retail dealer in the United States. By July 1975 there 
were at least fifteen retail outlets throughout the nation. 
In June 1973 the National Aeronautical and Space Admin­
istration (NASA) and the National Science Foundation (NSF) 
sponsored a wind energy workshop in Washington, D.C. Its pur­
pose was; to bring together those people actively interested in 
wind power and also those individuals who had pioneered wind 
generators in earlier years. The participants discussed the 
current state of the art in wind energy system technology and 
attempted to chart the course of future efforts.A more 
recent workshop of a similar nature was conducted June 9-11, 
1975 in Washington, D.C. It was sponsored by the Energy Research 
17 
and Development Administration (ERDA) and NSF. 
Large-Scale Wind Generator Activity 
NSF and ERDA have embarked on a five-year plan for the 
development of wind energy conversion systems. The first wind 
turbine in a series of projects is now under construction at 
NASA's Lewis Research Center, near Sandusky, Ohio. It is a one 
^^"Dealership Listings," Wind Power Digest, January 1975, 
pp. 16-17. 
^^National Science Foundation/National Aeronautical G 
Space Administration, Wind Energy Conversion Systems Workshop 
Proceedings (Springfield, Va.: National Technical Information 
Service, 1973) , p. iii. 
17 
Energy Research and Development Administration and 
National Science Foundation, Workshop Agenda: Wind Energy Conver­
sion Systems, June 9-11, 1975, n.p., n.d., pp. 1-9. 
10 
hundred kilowatt output system, costing about one million dol-
18 
lars for research and construction. The turbine is equipped 
with a 125-foot diameter propeller with two blades mounted on 
a 125-foot tower. It is scheduled to begin operation in July 
1975. It will produce one hundred kilowatts in a wind speed 
of eighteen miles per hour and will generate electricity in 
winds as slow as seven miles per hour. It is expected to pro-
19 
duce a capacity of 180,000 kilowatt-hours per year. 
In 1976 a one-megawatt wind turbine will be built under 
NSF/ERDA sponsorship using a two-bladed rotor of two hundred 
20 
feet in diameter and mounted on a 170-foot tower. 
A unique large-scale wind turbine was installed in July 
1973 on the island of Sylt off the West German coast. Called 
the Noah, it has a rotor diameter of thirty-six feet, five 
blades on each of the contrarotating propellers and a maximum 
output of seventy kilowatts. It provides power for five fami­
lies, producing 150,000 kilowatt-hours per year. This wind 
generator can obtain power from winds as slow as four and one-
half miles per hour. There are also plans for units of the 
21 
same design that will have outputs of 30 and 230 kilowatts. 
1 8 
"Sun, Sea, Wind, Geysers - New Energy from Old 
Sources?" U.S. News ^ World Report, 27 January 1975, p. 39. 
1 Q 
Frederic Collins, "NSF, NASA Join in Project to Test 
100 KW Windmill Generator," National Science Foundation News, 
15 March 1975, p. 1. 
^^"Wind Energy Studies Started by NASA," Aviation Week 
§ Space Technology, 9 December 1974, p. 49. 
^^David R. Francis, "Windmills to the Rescue," Chris­
tian Science Monitor, 28 December 1973, p. 1. 
11 
Mr. Fred Davison, a rancher from Highwood, Montana has 
patented another unique design for harnessing the wind on a 
large scale. His concept envisions a series of large sails, 
eighty feet wide by two hundred feet high mounted on wheels 
and traveling around an oval track, ten miles in length. Each 
system would produce between ten and twenty megawatts of elec­
tricity. Engineers at Montana State University conducted fea­
sibility, studies of the concept and found it to be technically 
feasible but economically questionable. Construction costs 
could be as much as $1,200 per installed kilowatt. However, 
mass production might lower the cost considerably. The type 
of sail that Mr. Davison plans to incorporate into his design 
is being tested on a new German ship called the Dyna-Ship. 
Its sails are aerodynamically designed and are much more effi-
2 2 
cient than those on the old clipper ships. 
William E. Heronemus, Professor of Civil Engineering at 
the University of Massachusetts, has proposed several systems 
for capturing large quantities of wind and generating large-
scale output. His most notable proposal was to place a large 
network of wind generators on semi - submersible towers in the 
ocean off the New England coast. Some or all of the electricity 
generated would be used to electrolyze sea water, breaking it 
down into hydrogen and oxygen. The hydrogen would be stored in 
7 2 
James McCawley, "Dyna-Ship," Sea Frontiers, January-
February 1973, p. 46-52, 
12 
large underwater tanks and piped ashore as required for use 
2 3 
in fuel cells, heating applications, and for power vehicles. 
Professor Heronemus maintains that such a system can 
be built with existing technology at a cost of approximately 
$675 per installed kilowatt and could be built within the next 
few years by existing manufacturing plants. He believes the 
system could supply the entire energy demand of New England, 
The Roesel Constant Frequency Generator is a recent 
development which may advance progress in large-scale wind 
power generation. This device converts the variable frequency 
AC current generated by the wind turbine to a constant sixty-
cycle AC current which may be fed directly into the commercial 
-, 25 
power grid. 
Researchers have estimated that large-scale wind tur­
bines should lower the cost per person about twenty to fifty 
percent from the cost of domestic - scale systems. Also, it ap­
pears that machines in the five hundred kilowatt to three mega­
watt range will be the most cost-effective size. 
^^William and Ellen Hartley, "The Wind Shifts to Wind­
mills," Popular Mechanics, November 1974, p. 80. 
^^U.S, Congress, Senate, Senator Mike Gravel speaking 
on Gentle Solutions for Our Energy Needs, 92d Cong,, 2d sess., 
9 February 1972, Congressional Record 118: E1046, 
7 S 
Otis W, Marshall, Richard T, Morash, and Ronnie J, 
Barber, "Independent Energy Systems for Better Efficiency," 
technical paper prepared for Roesel Laboratories, Bradenton, 
Fl., 1974, p. 531, (Mimeographed) 
13 
Domestic-Scale Wind Generator Activity 
There are two basic types of domestic-scale wind gener­
ators: (1) horizontal axis and (2) vertical axis. Only the 
horizontal axis type is presently being marketed commercially. 
A vertical axis system is currently under development at Sandia 
9 ft 
Laboratories in Albuquerque, New Mexico. 
Horizontal Axis Wind Generators 
The horizontal axis wind turbine usually has two or 
three blades with some mechanical means of feathering the blades 
in high winds to prevent damage. The blades are normally aimed 
into the wind with a vane. The following paragraphs describe 
some of the wind generators of this type currently in production 
or under development. 
There are several commercially manufactured brands of 
the standard two or three blade configuration on the market. 
One of the earliest manufactured in the United States is the 
Wincharger, produced by Winco of Sioux City, Iowa. Its maximum 
output is only two hundred watts, making it inadequate for resi­
dential use. The Dunlite Electrical Company of Adelaide, Austra­
lia produces a durable two kilowatt wind generator. Due to its 
low output, it is also inadequate for most residential applica­
tions. Elektro, a Swiss firm, manufactures several different 
sizes, the largest of which produces six kilowatts. Until 
^^Richard Stepler, "Eggbeater Windmill," Popular Science, 
May 1975, p. 74. 
recently, this unit was the largest domestic-scale wind gener­
ator in production anywhere in the world. The disadvantages 
of this system are its marginal output and high cost; $10,305 
for a complete system, including a five-day battery storage 
•. 27 capacity. 
The Zephyr Wind Dynamo Company of Brunswick, Maine pro­
duces a wind turbine with a maximum output of fifteen kilo­
watts in a wind velocity of thirty miles per hour. This unit 
will be discussed below in more detail. 
A wind turbine resembling a bicycle wheel was developed 
by Mr. Thomas Chalk of St. Cloud, Florida. Oklahoma State Uni­
versity wind researchers are currently testing a fifteen-foot 
diameter prototype of this unique design. It generates 8.3 
kilowatts at a wind speed of thirty miles per hour. Spoke wires 
run between the rigid rim and the two hub plates in the center. 
Hollow airfoil blades are threaded on the spokes. Its three 
primary advantages are: (1) it is lightweight, weighing only 
seventy pounds, (2) it is inexpensive to build, and (3) it 
extracts power from the rim instead of the center hub as in 
conventional machines. The high rim speed eliminates the need 
for expensive and inefficient step-up gears. The bicycle wheel 
turbine is 80 percent efficient which is higher than any other 
2 8 
horizontal axis design in existence. There is concern among 
I ^^Wind Generator System and Component Price List, Garden 
Way Laboratories, Charlotte, Vermont, December 1974, p. 1-4. 
7 A 
E. F. Lindsley, "Wind Power; How New Technology is 
Harnessing an Age-Old Energy Source," Popular Science, July 
1974, p. 54. 
15 
wind power advocates that the blades of this wind turbine may 
experience adverse icing conditions in northern locations, 
causing balance problems. 
The Sailwing is another interesting horizontal axis 
design. Developed at Princeton University, the propeller is 
constructed with a rigid leading edge, but the trailing edge 
is constructed of Dacron. The fabric is cut so that it auto­
matically forms an airfoil. The Sailwing is durable, having 
operated trouble-free in gale winds, freezing rains and heavy 
29 
snows., Grumman Aerospace Corporation is currently develop­
ing a wind electric system based on the Sailwing concept and 
plans to market it soon. 
Vertical Axis Wind Generators 
The conventional horizontal axis wind turbine has at 
least two disadvantages: (1) changes in wind direction can slow 
the propeller before it can re-aim, and (2) complicated gears 
are required, raising costs and lowering efficiency.^® 
In 1925 a French inventor named Darrieus developed a 
unique vertical axis wind generator that had the appearance of 
an eggbeater. It was highly efficient because it overcame the 
two disadvantages of the horizontal design mentioned above. 
The main problem with the Darrieus rotor was that it was not 
I ^^"A New Look for Windmills," Science Digest, June 1974, 
p. j71. 
^^Philip W. Quigg, "Eggbeater Windmills," Saturday Re­
view World, 15 June 1974, p. 37. 
16 
self-starting. Scientists at the National Research Council 
in Ottawa, Canada^^ and Sandia Laboratories in Albuquerque, 
32 
New Mexico have recently tested improved models of the Dar-
rieus rotor. 
The National Research Council model uses aluminum lift-
producing blades which are partially responsible for its high 
tip speed to velocity ratio. Its simple design keeps costs 
down, and it exhibits high aerodynamic efficiency due to mini­
mum gearing. It also incorporates self-starting and simple 
aerodynamic speed-limiting devices. Another advantage of this 
design is that it may be mounted on the roof of a building, 
thus eliminating the need for a tower. 
The models being tested have a fourteen-foot diameter 
rotor, producing one kilowatt in a fifteen mile per hour wind 
and five kilowatts in a twenty-five mile per hour wind. Once 
in production, this machine should cost only one-fifth to one-
seventh that of a conventional wind generator. 
The Savonius Rotor is another type of vertical axis wind 
generator, patented in 1929 by S. J. Savonius. Its disadvan­
tages for wind power applications are its low 31 percent effi­
ciency and its low tip speed to wind speed ratio. Savonius 
Rotors can be constructed inexpensively by splitting fifty-five 
^^Peter South and Raj Ranji, "The Performance and Econo­
mics of the Vertical-Axis Wind Turbine Developed at the National 
Research Council, Ottawa, Canada," paper presented at the 1973 
Annual Meeting of the Pacific Northwest Region of the American 
Society of Agricultural Engineers, 10-12 October 1973, p. 5. 
(Mimeographed.) 
3 2 
Stepler, "Eggbeater Windmill," Popular Science, p. 74. 
17 
gallon drums lengthwise, overlapping each half and stacking 
them. Electrical output is modest, yielding ninety-six watts 




Perhaps the most difficult problem with domestic-scale 
wind power generation is finding an inexpensive method of stor­
ing the energy for use when the wind stops blowing. 
There are several possible means of storing wind energy. 
These include storage batteries, flywheels, hydrogen, hydro-
pumped storage, compressed air and heated molten salts. Stor­
age batteries are used almost exclusively, but they are also 
quite expensive, often costing up to 40 percent of the total 
cost of a wind electric system. 
Hydrogen storage has great promise for the future, especi­
ally in conjunction with large-scale systems. It is one of the 
most efficient, most flexible and least expensive ways to store 
wind energy. Hydrogen is an ideal fuel and is as safe as gaso­
line or natural gas. It is far safer than propane gas. One of 
its virtues is that it is almost pollution-free. When burned, 
it produces only energy and water vapor. It is odorless, taste­
less, colorless and is not toxic. Above all, it is the most 
abundant element in the universe. The largest obstacle to its 
7 ? 
John Boll, "More on the Savonius Super Rotor," Mother 
Earth News, July 1974, p. 41. 
18 
wide-scale use is the expense of large-scale production. The 
electrolysis of water into hydrogen and oxygen requires a 
large quantity of electricity. Three times the electricity 
now generated in the United States would be required to pro­
duce hydrogen with an amount of energy equivalent to current 
natural gas consumption.^^ In spite of its high cost, Profes­
sor Heronemus estimates that his Off-Shore Wind Power System, 
when used to generate hydrogen, would be economically competi­
tive with nuclear power. 
Fuel cells which convert hydrogen into electricity also 
offer excellent potential for future energy needs. Their only 
by-products are heat and water, which may be used to advantage. 
They are considerably more efficient than other energy conver­
sion systems. They are small, lightweight, reliable, quiet and 
not dependent on one central power source. A 12.5 kilowatt out­
put fuel cell is about the same size as a home gas air condition­
er. The disadvantages of fuel cells, however, are that they are 
still expensive due to their use of rare earth elements, and they 
have a rather short service life.^^ 
Other electricity storage devices are at various stages 
of research, and many of them hold promise for future wind power 
applications. 
^^James H. Winchester, "Here Comes the Hydrogen Era," 
Readers Digest, December 1973, p. 144, 
^^U.S. Congress, Gravel on Gentle Solutions, Congres­
sional Record, E1049. 
M. Greene, "What's Happening to Fuel Cells?" Iron 
Age, 19 March 1970, p. 58. 
CHAPTER II 
DETERMINATION OF AN OPTIMUM WIND 
GENERATOR SYSTEM 
Wind Electric System Description 
Domestic-scale wind generator systems currently on the 
market have six components: (1) propeller-generator assembly, 
C2) tower, (3) rectifier and voltage regulator, (4) storage 
batteries, (5) DC-to-AC inverter, and (6) standby gasoline 
generator. Figure 1 illustrates a typical configuration. 
The propeller-generator assembly consists of a rotat­
ing generator or alternator turned by the propeller which in 
turn is rotated by the force of the wind upon it. An AC alter­
nator is most commonly used because it is more efficient and 
lasts longer than a DC generator. 
The rectifier converts AC produced by the alternator 
into DC which is then stored in batteries. A voltage regula­
tor is employed in order to prevent the batteries from over­
charging or undercharging. 
The primary limiting factor of a wind generator is its 
dependence upon the wind. Although a wind turbine does not 
need a constant wind speed, it does need a minimum velocity of 
six to eight miles per hour to produce any electricity at all. 
























Fig, 1, Simple diagram of a typical 
domestic-scale wind generator system. 
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fifteen miles per hour to produce substantial output to meet 
the needs of a particular user. 
Storing the power generated by a wind generator is an 
expensive but necessary requirement. Consumption continues 
during calm or low-wind periods. Storage batteries are present­
ly the only practical means of assuring a continual supply of 
electricity. 
The batteries used with wind plant systems are specially 
designed for repeated cycling and are able to go from a fully 
charged to a fully discharged state for one thousand complete 
cycles or more. Battery life with these systems is usually ten 
years or longer. 
The DC from the batteries may be used to operate lights, 
hot water heaters and other resistance-type devices, or it may 
be converted into AC by an inverter which provides constant 
sixty-cycle 115-volt AC power. In order to use both DC and AC, 
two separate wiring systems must be installed. Since existing 
homes do not have dual wiring systems and since most appliances 
manufactured today require sixty-cycle AC, total AC output from 
the wind plants that are examined has been assumed in this study. 
There are two types of inverters. Rotary inverters are 
inexpensive but are also inefficient and have relatively short 
lives. Electronic inverters cost more but are 95 percent effi­
cient and have a long life. 
The quantity of electricity that can be generated by a 
wind turbine is dependent upon four parameters: (1) the force 
of the wind, (2) the diameter of the propeller, (3) the size of 
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the generator, and (4) the efficiency of the whole system.^ 
In theory, the power available from the wind is propor­
tional to the cube of the wind speed. For example, each time 
wind velocity is doubled, eight times as much power is produced. 
However, the actual power generated by a windplant will fall 
short of the theoretical output because of inefficiencies of 
the system. Also, physical laws limit extraction of energy 
2 
from the wind to 59.3 percent of the total energy available. 
Other system efficiencies are multiplied by this figure to ob­
tain the overall efficiency of the system. In spite of its 
inefficiencies, the wind power plant still compares favorably 
with other energy sources (Table 1]. 
It is essential to operate wind gauge equipment on the 
proposed site ahead of time instead of relying on theoretical 
calculations. If readings cannot be taken for several years, 
one year of data should be recorded and correlated with sever-
al years' data from a nearby meteorological station. 
The ideal site for a wind generator is an area where 
the wind flow is uniform. The most uniform wind flows occur 
over summits with smooth, steady slopes near the top. The 
best site would be one completely unobstructed for at least 
300 yards in all directions 
^Henry Clews, Electric Power from the Wind, n.p., 
1974, p. 5. 
2 
National Science Foundation, Wind Energy Conversion, 
n.d., p. 20. 
^McCaull, "Windmills," Environment, p. 10. 
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TABLE 1 
ENERGY CONVERSION EFFICIENCY COMPARISON 












. 1 0  
SOURCE: A. M. Greene, "What's Happening to Fuel Cells?" 
Iron Age, 19 March 1970, p. 58. 
*American Wind Turbine's bicycle wheel design is claim­
ed to be 80 percent efficient (.80 x .593 = .47). 
The wind plant should be installed high enough so as to 
clear all obstacles by at least twenty feet and preferably more. 
Any object higher than the wind generator will cause a disturb­
ance in air flow for approximately three hundred yards upstream 
of the generator and fifty to one hundred yards downstream.^ 
The rate at which the velocity changes is dependent upon height 
and surface friction. A formula known as the Hellman Formula 
expresses the velocity correction for height. It is as follows: 
As tower height increases, so does the wind velocity. 
Charles D. Syverson and J. D. Symons, Wind Power: Infor­
mation and Planning Manual for Wind Driven Electric Power Systems 
(Mankato, Minn.: Wind Power, 1974) , p. ITI 
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where = velocity at the desired height z; = velocity at 
the known height k; z = desired height of wind generator; and 
k = known height of wind velocity reading.^ 
This formula is an integral part of the Wind Model, de­
scribed later in this study. The following is an example of 
how this formula would be applied: 
Assume: Given wind velocity of 20 mph, recorded 
at 10 feet above the surface. 
Find: The wind velocity at 70 feet above 
the surface. 
70 1/7 
V70 = V^Q YÔ ~ (20)(1.32) = 26.4 mph at 70 feet. 
Light "prevalent" winds of less than ten miles per hour 
are more common than strong "energy" winds in most parts of. the 
United States. However, the opposite is true in the windy Chi­
nook zone of Central Montana. According to hourly wind speed 
recordings taken by the National Weather Service at the Great 
Falls Airport over a recent six-year period, 42 percent of the 
readings were below eleven miles per hour, and 58 percent were 
eleven or more miles per hour at sixty feet above the surface. 
Approximately half of the energy available from the wind is 
found in winds above twenty-two miles per hour.^ Of the wind 
^U.S., Department of Commerce, Weather Bureau, Distribu-
tion of Extreme Winds in the United States, by H. C. S. Thom, 
July 1959, p. 20. 
^Syverson and Symons, Wind Power: Electric Systems, 
P • 12. 
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speeds recorded in Great Falls during the six-year period, 
17 percent were above twenty-two miles per hour at sixty feet 
height (Table 2) , 
TABLE 2 
WIND VELOCITY SUMMARY FOR GREAT FALLS MONTANA* 
1969-1974 
Wind Velocity Percentage at 60 Feet 
Above the Surface (Six-Year Period) 
Month 0 - 10 MPH 11 - 22 MPH Above 22 MPH 
January 39 31 30 
February 37 40 23 
March 34 44 22 
April 35 47 18 
May 45 45 10 
June 46 42 12 
July 57 37 6 
August 59 36 5 
September 46 42 12 
October 37 47 16 
November 36 43 21 
December 31 39 30 
Six-Year 
Average 42 41 17 
All percentages calculated from raw wind data obtained 
from the Great Falls, Montana office of the National Weather 
Service. 
The power produced by a wind generator is a function of 
the propeller diameter squared. As the propeller diameter is 
doubled, power output is squared. There are practical limits 
26 
to propeller size, and that limit for domestic-scale wind 
generators is presently about twenty-five feet maximum. 
Weight, balance, cost, strength, and tower size are but a 
n 
few of the considerations in determining propeller size. 
Domestic-scale wind turbines are manufactured in sizes 
from two hundred watts to 25.5 kilowatts. The rated output 
in kilowatts infers that the generator will produce that out­
put at its peak, usually reached at twenty-five to thirty 
miles per hour. At wind speeds above the peak output velocity, 
the generator will continue to produce at the rated output and 
the propeller will be partially feathered. The propellers are 
usually designed to feather completely at wind speeds above 
fifty mile's per hour when damage to equipment is possible. 
Most systems also have a manual braking system to be used in 
gale force winds. 
g 
Wind Model Description 
The most accurate means of measuring the output from a 
wind plant is to install one at the desired location and record 
the number of kilowatt-hours produced. However, this is usual­
ly impractical due to cost considerations and to a lack of know­
ledge about the size of wind plant to install. A more practical 
approach is to use a computer-assisted method of determining the 
^Ibid., p. 3. 
O 
Jeffery E. Brandt, Richard F. Householder, and Wayne F. 
Spenst, "Wind Model," (paper prepared for a course in simula­
tion, University of Montana, 15 March 1975), pp. 1-15. 
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the optimum size of wind generator system for a particular 
location and for a particular consumer's demand for electri­
city. 
A team of University of Montana students developed a 
series of computer programs which are a useful tool in cal­
culating an optimum size of wind electric system for non­
commercial users of various sizes and differing electrical 
consumption patterns. The programs may be used for any loca­
tion where at least six consecutive years of hourly wind 
readings are available. 
The wind model simulated the interactions of production, 
consumption, and storage of electricity, using a selected wind 
electric system and a unique set of consumption data. The 
model consisted of two parts: (1) data entry and (2) model 
execution. The data base incorporated 52,560 hourly wind velo­
city readings taken by the National Weather Service at the 
Great Falls, Montana Airport between January 1, 1969 and Decem­
ber 31, 1974. 
The model execution included input instructions, the 
actual program execution and the simulation output, including 
powerless hours, total monthly power and excess power produced, 
in kilowatt-hours. Appendices A and B contain the model execu­
tion portion for the wind electric systems selected for this 
study. 
During the program execution phase, the electricity gen­
erated each hour was calculated and compared with consumption 
for that hour. The power consumed was subtracted from the power 
28 
produced and any excess was "stored" in the batteries for 
later use. If consumption for the hour exceeded production, 
then power was withdrawn from the batteries. If the batter­
ies were fully discharged, a "powerless" hour was recorded for 
printout at the end of the simulation. On the other hand, if 
the batteries were fully charged and there was excess power 
produced for the hour, it was "discarded." 
After the run was completed, a four-part output was 
printed, including: (1) model input specifications, (2) power­
less hours, (3) total monthly power generated, and (4) excess 
monthly power. 
g 
Wind Model Assumptions 
Wind velocity was constant throughout the hour. Wind 
gusts were ignored. Also, wind direction was assumed constant, 
ignoring any possible inefficiencies caused by the pivoting of 
the wind generator on its axis. It was assumed that the output 
at each wind velocity was the actual net output after propeller 
and generator inefficiencies had been taken into account. 
There were no storage battery inefficiencies. In other 
words, there was no power lost during the storage process. 
Also, the batteries were assumed to be fully charged at the 
start of each run. This seemed reasonable because the wind 
generator or the backup gasoline generator could be allowed 
to fully charge the batteries before a load was introduced. 
It was assumed that the storage battery system could charge 
®Ibid., p. 13. 
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at the maximum output rate of the wind generator. It was 
assumed that the daily consumption requirements were equal 
during the month. However, the model did consider hourly 
variations. Also, all consumption from a wind electric sys­
tem was assumed to be 115-volt, sixty-cycle AC, having been 
converted from battery DC. 
As the programs cycled through the months of the year, 
production, consumption and storage were viewed as an on­
going process. The net battery storage at midnight on the 
last day of each month was carried forward into hour one of 
the next month. 
There were no power line losses in the transmission 
from the "generator to the batteries or from the batteries to 
the user. 
The last day of February, 1972 (February 29) was ignor­
ed because it was a Leap Year day. 
No provisions were made in the model for fully feather­
ing or braking the wind turbine. This did not present a prob­
lem, for the maximum wind speed recorded during the six-year 
period in Great Falls, Montana was fifty-two miles per hour. 
Consumption Analysis 
The wind model was used to determine a suitable wind 
electric system for each of two types of residence: (1) an 
urban residence, and (2) a farm/ranch. The urban residence 
selected contained 2,000 feet of living space, divided equally 
on a ground floor and basement. There were three occupants. 
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and the following electric appliances were located in the 
home: washer, dryer, fifteen cubic foot freezer, dishwasher, 
range, oven, refrigerator, garbage disposal, stereo, and 
other small appliances. Natural gas was used for space heat­
ing and hot water heating. The number of kilowatt-hours con­
sumed by month during the six-year period studied is listed 
in Table 3. 
The typical farm/ranch selected for this project was 
located near the town of Highwood, Montana. It was an 1,800-
acre spread, including one thousand acres of cultivatable 
land and eight hundred acres of grassland. Six hundred acres 
per year are actually cultivated in dry-land grain farming. 
The farm shop contained a grinder, drill, air compres­
sor, and lights which supported the maintenance of five trac­
tors, six trucks, three combines, and other equipment. 
The three thousand square foot home (1,500 square feet 
on each of two floors) housed eight occupants and included 
the following electrical appliances: washing machine, dryer, 
hot water heater, oil furnace fan, dishwasher, range, oven, 
freezer, two refrigerators, toaster, blender, mixer, color 
TV, iron, and other small appliances. The number of kilowatt-
hours consumed each month during the six-year period studied 
is enumerated in Table 4. 
Wind Model Execution 
Several different sizes of wind generator systems were 
considered for use with this endeavor. The following units 
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TABLE 3 
ELECTRICAL CONSUMPTION FOR A 
TYPICAL URBAN RESIDENCE 
(IN KW-HOURS) 
1969 1970 1971 1972 1973 1974 
Jan 674 794 876 944 728 650 
Feb 702 744 700 706 684 746 
Mar 816 626 658 796 648 512 
Apr 410 686 882 564 698 648 
May 406 706 752 718 506 526 
Jun 242 378 490 524 422 572 
Jul 166 470 570 440 640 522 
Aug 374 562 580 788 647 502 
Sep 362 840 760 798 668 614 
Oct 732 866 716 750 602 728 
Nov 939 894 740 748 716 668 
Dec 930 898 902 1,050 808 846 
Total 6,753 8,464 8,626 8,826 7,767 7,534 
SOURCE; Personal records of Mr. Robert Nelson, 600 
Beth Drive, Great Falls, Montana, 
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TABLE 4 
ELECTRICAL CONSUMPTION FOR A 
TYPICAL FARM/RANCH 
(IN KW-HOURS) 
1969 1970 1971 1972 1973 1974 
Jan 2,971 2,790 2,022 1,423 1,308 1,192 
Feb 941 1,686 679 2,000 853 1,508 
Mar 2,327 1,058 3,195 1,538 1,754 1,808 
Apr 2,022 1,383 1,308 1,885 1,308 1,505 
May 2,327 1,758 3,298 1,408 1,569 1,192 
Jun . 1,758 1,758 1,530 1,708 1,146 1,053 
Jul 1,004 1,383 1,808 1,708 1,538 1,295 
Aug 2,327 2,480 1,058 2,508 1,908 1,600 
Sep 1,058 1,808 1,758 1,823 2,608 1,100 
Oct 2,175 1,058 2,175 1,192 2,723 1,700 
Nov 1,004 2,327 1,686 1,677 2,392 1,800 
Dec 2,790 1,758 2,327 1,908 1,338 2,100 
Total 22,704 21,247 22,844 20,778 20,445 17,853 
SOURCE: Personal records of Mr. Fred Davison, R.F.D,, 
Highwood, Montana, 
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were chosen because they are of sufficient size to best 
meet consumer needs and result in the fewest "powerless 
hours." 
The Zephyr wind turbine was selected for the urban 
residence application in this study. It begins generating 
electricity at a wind speed of five miles per hour and reaches 
its peak output of fifteen kilowatts at thirty miles per hour. 
A wind generator produced by Independent Power Devel­
opers (IPD) was used for the farm/ranch application. It 
starts generating electricity at seven miles per hour and 
peaks at twenty-five miles per hour with 25.5 kilowatts out­
put. Figure 2 depicts the power output curves for the Zephyr 
and the IPD wind turbines. 
The computer programs of the wind model were executed 
one year at a time for the urban residential application and 
for the farm/ranch application. An example of one of these 
printouts is presented in Figure 3. Each printout may be 
divided into two sections: an input section and an output sec­
tion. Figure 3 is used to describe the component parts of the 
printout. The parts indicated in the text below correspond 
with the numbered components in Figure 3 
The power output curve of the selected wind turbine is 
defined in Part I. Symbols used in the equation and their 
meanings are: = power, in watts; X = wind velocity, in miles 
per hour. "Upper Limit of Zero Wind" is the wind velocity at 
which the wind turbine begins generating electricity. This 
sets the lower limit of the power output curve. "Velocity of 
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III IPD (25.5 KW AT 25 MPH) (Added) IT* 
*********************************************************** 
OUTPUT EQUATION: = 1662.11 - 587,89X + 63.9X^ 
- 1.61x3 ^ 02x4 (Added) 
UPPER LIMIT OF ZERO WIND = 7 MPH 
VELOCITY OF MAXIMUM POWER PRODUCTION =25 MPH 




1 2971 KWHRS 
MONTH 
= 
2 941 KWHRS 
MONTH 
= 
3 2327 KWHRS 
MONTH 
= 
4 2022 KWHRS 
MONTH 5 2327 KWHRS 
MONTH 
= 
6 1758 KWHRS 
MONTH = 7 1004 KWHRS 
MONTH 8 2327 KWHRS 
MONTH 
= 
9 1058 KWHRS 
MONTH 10 2175 KWHRS 
MONTH 
= 
11 1004 KWHRS 
MONTH 12 2790 KWHRS 
TOTAL = 22704 KWHRS 
AVERAGE DAILY CONSUMPTION = 62.2027 KWHRS 
Fig. 3. Sample of Wind Model Execution 
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»***4WIND VELOCITY HEIGHTS***** 
RAW WINS DATA HEIGHT = 22 FEET 
'.'c.:v=.r\M 1 Ln ! •_'v;=.n nc. a uni = 6v FEcT i 
i I i viw WW I r u7***** 
YEARS OF SIMULATION. 1 
r z-z- n'_'i_*n :• n i c-1 «-"jtm-iiI 
YEAR = ] 1974 
n-_"_'rv — i / V t. voo/y /. . 
HOUR = 2 66 3. S3514 /. 
ri<_"_'n. — c- oO o. /r-o/ji >. 
HOUR = 4 63 3. 67?fi % 
riU'_«n = t' 6̂ ' C-. é/yyl /. 
HOUR = 6 62 3. 62 i 5 % 
n'_"_T". = / w*/ i. >. 
HOUR = S 66 3. 05514 % 
n"_"_*n. =  ̂ o/ C-. >. 
n".'<_'K = iv c «t OiOj-/ /. 
= 11 z- 4. % 
n'_"_'Pw = i..i. / z- t. .io-î-vji A 
riv-'n. = i z- t n. 
= At / A t. À 
n'."_'r. = À %' / ̂  t. ̂ vC'Oj. >. 
• •  * __ m f * «#*. «•».«•  ̂ # • ni_"_'r. — AC o»» c. yro.'c /. 
nv-'r. = A /V' t. voo / r >. 
HOUR = IS SI 4.73131 % 
HUUR = 1 r Ô3- 4. 343x3 >. 
HOUR = 20 34 4. f-0654 % 
HOUR = 21" 31 4.73131 % 
HOUR = 22 S2 4. 7S:- 72 % 
H'_"_'R — 1£3 34 4. f 0654 % 
nv-'r-. = / A -t, A t / ./. 
1 u 1 HL. = A/Â  n'_"_'r\o 
Fig. 3.--Continued. 
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***** TOTAL MONTHLY POWcR PRODUCED ***** 
1974 
fc.HK. J 
MONTH = 1 . 2751. ?? KWHRS 
MONTH = 2 . 3226.02 KWHRS 
MONTH = 3 . 4.= 11. 36 KwHRS 
1 n = t . nooo. yc Kwnno 
MONTH = 5 . 3055.35 KWHRS 
M'_'N i H = 6 . 2520. 74 KWHRS 
MONTH = 7 . 2636. 67 KWHRS 
il'-'iN 1 n = c- . zv:' Nwnno 
n'_MM tn — y . r'-io.i. vj> r^Knrvo 
MONTH = 10 . 3216.04 KWHRS 
MONTH = 11 . 5421.25 KWHRS 
il'-'iN I n = i-i . tvv.»/. On Kwnrvo 
n_« 1 !-!!_ & r»wr«r\s 
^ EXCESS MONTHLY FC-wEn. 
1974 
IC-M.-l. 1 
MONTH = 1 NO EXCESS POWER PRODUCED 
MONTH = 2 2235. 4f KWHRS 
MONTH = 3 2461. o? KWHRS 
MONTH 5= 4 275S. 56 KWHRS 
MONTH = 5 605. 672 KWHRS 
M*_'N 1H = 6 o70. 214 ŴHRS 
MONTH — T 162?. S3 KWHRS 
MONTH = 6 102. 653 KWHRS 
MONTH = ? 23 46. 35 KWHRS 
MONTH =10 y26.563 KWHRS 
i'r.'iv 1 n = a J. t 
i n — 1-i. 1070. 2 KWHRS 
: *_• ! Mi_ -i Kwnr.z-
Fig, 3.--Continued. 
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Maximum Power Production" is the wind speed at which peak 
output is reached. The wind turbine will continue to pro­
duce its peak output at velocities beyond this point. 
Consumption data are presented in Part 2, Any desir­
ed quantity of electrical consumption may be entered, by 
month. Appendices A and B contain the actual number of 
kilowatt-hours consumed by the urban resident and the rancher/ 
farmer. Each month's consumption was divided via the comput­
er program by the number of days in the month. Additionally, 
it broke the resulting daily average into the hourly segments, 
as depicted under the heading, "Hourly Percentage." 
The battery storage capacity requirement was determin­
ed when voltage and ampere-hours were entered. This is shown 
in Part 3. These two values multiplied together result in 
watt-hours of storage. In order to reduce the number of 
"powerless hours" to a minimum, it was necessary to use a 
large battery set (61,200 watt-hours) which would provide 
several days' consumption in the absence of sufficient energy-
producing winds. 
Two component inefficiencies found in a wind electric 
system were taken into account in Part 4. The systems used 
for this undertaking were assumed to have no power loss in 
their rectifiers. The electronic inverters used to convert 
direct current into 115-volt, sixty hertz alternating current 
create an average five percent power loss. 
Analysis of two tower heights above the surface of the 
earth were considered and the results shown in Part 5. All 
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of the hourly wind readings used in the wind model were re­
corded by an anemometer located twenty-two feet above the 
surface at the Great Falls International Airport. Any desir­
ed "Generator Tower Height" may be inserted. For this study 
tower height was held constant at sixty feet. Wind velocity 
increases rapidly up to that height and then begins to level 
off. Towers higher than sixty feet are not economical with 
respect to the limited benefit gained by the slightly in­
creased wind velocity. 
The beginning of the output of the model execution is 
shown in Part 6. The "Powerless Hours Histogram" depicts the 
number and percentage of "powerless hours" that occur during 
the year for each hour of the day. "Powerless hours" are 
those hours during which a backup generator or other alter­
nate power source would be required. The total number of 
powerless hours for the year is also presented. 
The "Total Monthly Power Produced" is shown in Part 7. 
It is the number of kilowatt-hours produced during each month, 
followed by the total for the year. These values represent 
direct current output prior to adjustment for inverter inef­
ficiency during the DC-to-AC conversion process. 
Part 8, "Excess Monthly Power," is power produced less 
power consumed each month. It is assumed that the excess 
power produced will be consumed by electrical devices requir­
ing 115-volt, sixty hertz, alternating current. Therefore, 
^^Syverson and Symons, Wind Power: Electric Systems, 
p. 11. 
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the inverter inefficiency is taken into account by dividing 
the monthly consumption by .95 (inverter efficiency) before 
it is subtracted from power produced. If consumption exceeds 
production during a particular month, the following phrase is 
printed: "No Excess Power Produced." 
CHAPTER III 
FINANCIAL ANALYSIS 
The economic aspects of the two wind electric systems 
considered in this study have been examined and are presented 
in this chapter. The prices of these systems and their associ­
ated operating and maintenance costs have been compared to the 
cost of commercial power over the estimated economic life of 
the wind systems in order to determine whether or not they are 
economically feasible. In order to compare the two alterna­
tives, future projections must be made, based upon historical 
data and upon expert opinion. Also, a present value analysis 
will be carried out to present a more accurate appraisal of 
the true cost of the two alternatives over the twenty-year 
period, 1975-1994. 
Wind Electric System Cost Factors 
A price summary of the two wind plants simulated by the 
wind model is presented in Table 5. The Zephyr wind turbine 
was selected for the urban residence. Its cost is lower than 
imported systems, and its output is sufficient to meet the 
electrical needs of the urban resident without resulting in 
an excess number of powerless hours. This wind generator is 





WIND ELECTRIC SYSTEM PRICE SUMMARY 
Urban Residence 
Zephyr Wind Turbine (15 KW at 30 mph) $ 3,224 
Century Battery, Set (62.1 KW-hour capacity, 
20 hour rate) 3,385 
Creative Electronics Inverter (6 KW, DC to 
115V, 60 hz AC)C 2,250 
Self-Supporting Tower (60 £eet)^ 1,644 
Sears Gasoline Generator (1.35 KW, 
Manual Start)" 259 
Miscellaneous Parts^ 83 
Shipping Costs 787 
Total Price $11,632 
Farm/Ranch 
IPD Wind Turbine (25.5 KW at 25 mph)® $ 8,000 
Century Battery, Set (62.1 KW-hour capacity, 
20 hour rate) 3,385 
Creative Electronics Inverter (12 KW, DC to 
115V, 60 hz AC)C 4,500 
Self-Supporting Tower (60 feet) 1,644 
Winco Gasoline Generator (2.8 KW, electric 
start, automatic)f 732 
Miscellaneous Parts® 117 
Shipping Costs 683 
Total Price $19,061 
^Vendor: Zephyr Wind Turbine Co., Brunswick, Maine 
04011. 
^Vendor: Garden Way Laboratories, Charlotte, Ver­
mont 05445. 
^Vendor: North Wind Power Co., Warren, Vermont 05674. 
^Vendor: Sears, Roebuck and Co., Seattle, Washing­
ton 98184. 
^Vendor: Independent Power Developers, Noxon, Mon­
tana 59853. 
^Vendor: Winco, Sioux City, Iowa 51102. 
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A much larger wind generator, produced by Independent 
Power Developers (IPD) of Noxon, Montana was chosen for the 
farm/ranch application. The IPD wind turbine produces 25.5 
kilowatts of power in a twenty-five mile per hour wind. In 
spite of its substantial output capacity, the number of power­
less hours is quite high each year, resulting in high annual 
operating costs for the backup gasoline generator. This is 
due largely to a deficient battery storage capacity. 
The addition of more batteries to the farm/ranch sys­
tem would sharply increase the initial cost beyond any compar­
able economic benefit that could be gained by the added 
storage. It would cost $3,385 to double the battery storage 
capacity. This would cut the number of powerless hours by 
more than half (from 257 to 115 in 1974). However, the oper­
ating cost savings over the expected ten year battery life 
would average less than $1,177. 
Although neither the Zephyr nor the IPD wind turbines 
were on the market on January 1, 1975, their availability has 
been assumed in the cost analysis, since both units were ex­
pected to be in production by August 1975. 
The remaining components of the wind electric systems 
were selected based upon consumption requirements and upon 
economic considerations. Price lists were obtained from every 
wind power dealer in the United States, and the prices listed 
in Table 5 are the lowest currently in effect for all new 
equipment. Table 6 provides supplier and shipping informa­
tion for the components of each system. 
TABLE 6 
PROCUREMENT INFORMATION FOR WIND ELECTRIC SYSTEMS 











bine 5 Mise, 
Zephyr Wind Dynamo Co. 
Brunswick, Me, 
Brunswick, Me, 1,300 $188 $ 3,307 
URBAN 
60-Ft. Tower North Wind Power Co. 
Warren, Vt. 






Garden Way Labs, 
Charlotte, Vt, 
Sears, Roebuck Co, 












North Wind Power Co, 
Warren, Vt, 
Palatine, 111, 145 14 2,250 
Totals 6,323 $787 $10,845 
IPD Wind Turbine 
5 Misc. 
Independent Power Dev. 
Noxon, Mt, 
Noxon, Mt, 2,000 55 8,117 
FARM/ 
60-Ft. Tower North Wind Power Co, 
Warren, Vt. 












Sioux City, Iowa 
Sioux City, 
Iowa 
222 23 732 
Creative Electron­
ics Inverter 
North Wind Power Co, 
Warren, Vt, 
Palatine, 111, 290 28 4,500 
Totals 7,312 $683 $18,378 
^SOURCE: Consolidated Freightways, Great Falls, Montana and Burlington Northern, Inc. 
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Commercial Power Cost Factors 
Tables 7 and 8 present the electric utility bills of 
the urban resident and the farmer/rancher for this study. 
They cover the six year period from 1969 through 1974 and 
will form the data base from which the commercial power cost 
analysis was undertaken. Electric utility rates did not rise 
appreciably during that period. However, the Federal Power 
Commission has estimated that electric utility rates will 
double in the next fifteen years.^ 
There are, of course, hidden costs associated with 
commercial power which will not be considered here, because 
they are extremely difficult to assess. The power companies 
consume large quantities of the earth's irreplaceable natural 
resources such as coal, oil and gas, resulting in undesirable 
environmental pollution as well. 
Present Value Analysis 
An investor could currently be expected to realize a 
10 percent return on his money with a minimum of associated 
risk. Therefore, a discount rate of 10 percent has been used 
in this analysis for all costs examined. 
Cost Comparison: Commercial Power 
The estimated cost of commercial power through 1994 is 
shown in Tables 9 and 10, along with the present value of 
^"The Energy Joy Ride is Over," Fortune, September 1972, 
p. 191. 
TABLE 7 
ELECTRIC UTILITY BILLS FOR A TYPICAL URBAN RESIDENCE* 
1969 1970 1971 1972 1973 1974 
Jan $ 12,74 $ 15,57 $ 16,55 $ 17,67 $ 16,25 $ 15,04 
Feb 13.27 14,87 14,25 14,33 15,56 16.53 
Mar 15.42 13,21 13,66 15,59 15.01 12,90 
Apr 10.19 14,05 16,80 12,35 15,78 15,01 
May 7.67 14.33 14.98 14.50 12.66 13.12 
Jun 7.84 9.74 11,31 13,08 11.50 13.83 
Jul 6.30 9,23 12.43 10,61 14.88 13.05 
Aug 7.07 10,62 12.57 15,48 15.00 12.74 
Sep 13,48 15.88 15.09 17.35 15,32 14,48 
Oct 13.84 16.37 14.47 16.59 13,85 16.25 
Nov 17.75 16.90 14.81 16,56 15.75 15.32 
Dec 17.47 17.02 17,08 21.24 17.49 18.08 
Total $143.04 $167.79 $174.00 $185.35 $179.05 $176.35 
^Actual data from the records of Mr. Robert E. Nelson, 600 Beth Drive, Great 
Falls, Montana showing an average annual utility bill equal to $171.00, 
TABLE 8 
ELECTRIC UTILITY BILLS FOR A TYPICAL FARM/RANCH^ 
1969 1970 1971 1972 1973 1974 
Jan $ 48.70 $ 46.10 $ 34.40 $ 28.93 $ 26,60 $ 25.10 
Feb 22.10 30.50 16.80 36,06 20.40 29.20 
Mar 39. 60 25.30 53.30 29.60 32,40 33,10 
Apr 34.40 27.90 27.10 34.10 26,60 28.16 
May 39.60 31. 80 55.00 27.90 30.00 25,10 
Jun 31. 80 31,80 29.90 31,80 24.50 21, 70 
Jul 23.70 27.90 33.60 31.80 29.60 25.00 
Aug 39.60 42.20 25.30 42.20 34.40 29.60 
Sep 25. 30 33.10 31. 80 33,30 43.50 22.10 
Oct 37.00 25.30 37.00 25.10 45.00 31.10 
Nov 23.70 39.60 30.90 31.40 40.70 32.60 
Dec 45. 80 31.80 39.60 34.40 27.00 37.10 
Totals $411.30 $393.30 $414.70 $386.59 $380.70 $339.86 
^Actual data from the records of Mr. Fred Davison, Rural Free Delivery, Highwood, 
Montana showing an average annual utility bill equal to $388,00. 
49 
TABLE 9 
ELECTRIC UTILITY COST PROJECTION: 
URBAN RESIDENCE^ 
1975 - 1994 
Proj ected Present Value 
Year Cost of Projected Cost^ 
1975 $176% $ 160 
1976 176 145 
1977 196 147 
1978 196 134 
1979 219 136 
1980 219 124 
1981 245 126 
1982 245 114 
1983 272 115 
1984 272 105 
1985 304 107 
1986 304 97 
1987 339 98 
1988 339 89 
1989 380 91 
1990 380 83 
1991 423 84 
1992 423 76 
1993 472 77 
1994 472 70 
Totals 
^Assume a rate increase of 11.6 percent every two 
years. All figures are rounded to the nearest dollar. 
^Average cost from Table 7 plus forecast of increased 
consumption by Sun River Electric Cooperative (16 KWH per 
month increase each year). 
^Ten percent discount rate used. 
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TABLE 10 
ELECTRIC UTILITY COST PROJECTION: FARM/RANCH^ 
1975 - 1994 
(1) (2) (3) (4) (5) 
Projected Business Expense Tax Shield Net Cost Present Value 
Year Cost Portion (50%) (2) . 2 CD-(3) of Net Cost'-
1975 $ 396̂  $198 $ 40 $356 $ 324 
1976 396 198 40 356 294 
1977 442 221 44 398 299 
1978 442 221 44 398 272 
1979 494 247 49 445 276 
1980 494 247 49 445 251 
1981 551 276 55 496 255 
1982 551 276 55 496 231 
1983 615 308 62 553 235 
1984 615 308 62 553 213 
1985 686 343 69 617 216 
1986 686 343 69 617 197 
1987 765 383 77 688 199 
1988 765 383 77 688 181 
1989 854 427 85 769 184 
1990 854 427 85 769 167 
1991 954 477 95 859 170 
1992 954 477 95 859 155 
1993 1,064 532 106 958 157 
1994 1,064 532 106 958 142 
Total of Present Values $4,418 
^Assume a rate increase of 11.6 percent every two years. 
All figures are rounded to the nearest dollar. 
^Average cost from Table 8 plus forecast of increased 
consumption by Sun River Electric Cooperative of 35 KWH per 
month each year. 
^Ten percent discount rate used. 
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each year's cost. The amounts listed for each year are 
based upon an anticipated electric utility rate increase of 
11.6 percent every two years. This rate of increase will 
raise the cost of commercial power during the next twenty 
years by a factor of 2.7 times, which is close to the Federal 
Power Commission forecast of a doubling of price in fifteen 
years. The costs listed in the tables include a periodic 
rate increase at two year intervals and an allowance for in­
creased consumption. 
The Sun River Electric Cooperative recently conducted 
a study of consumption patterns during the past ten years and 
determined that the average yearly growth rate for a rural 
residential consumer was thirty-five kilowatt-hours per month. 
The annual growth rate for a town resident was sixteen kilo-
2 
watt-hours per month. The estimated 1975 costs shown in 
Tables 9 and 10 are based on the average annual costs for 
1969-1974, calculated in Tables 7 and 8. 
The farmer/rancher may deduct 50 percent of his annual 
cost for commercial power as a business expense for income 
tax purposes. Table 10 calculates this tax shield and deducts 
it from the total annual utility cost before its present value 
is figured.^ 
^"Comparative Annual Operating Data, 1964-1973," Sun 
River Electric Cooperative, Fairfield, Montana, 18 January 
1974. 
^Interview with Clarence D. Misfeldt, Certified Pub­
lic Accountant, First National Bank Building, Great Falls, Mon­
tana, 11 July 1975. 
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Cost Comparison: Wind 
Electric System 
The estimated useful life of a wind generator system 
is at least twenty years and often thirty years or longer.* 
This cost comparison will assume a twenty-year economic life, 
beginning January 1, 1975 and running through December 31, 
1994. 
It should be noted that the battery set will require 
replacement after approximately ten years of service. The 
replacement cost will not be accounted for in this analysis, 
because research is leading to the development of more effi­
cient and less costly energy storage devices.^ The applica­
tion of these new media to wind electric systems should reduce 
the number of powerless hours significantly, and the operating 
cost savings should offset the cost of the new storage device. 
The cost analysis of the wind electric systems is some­
what more complex than the analysis of commercial power costs. 
There are three cost components to consider: (1) the initial 
investment for the wind electric system, (2) the annual oper­
ating costs, and (3) the annual maintenance costs. 
The initial outlay for these systems is substantial, 
as pointed out in Table 5: $11,632 for the urban residence and 
$19,061 for the farm/ranch. There would be several financing 
^Henry Clews, Electric Power from the Wind, n.p., 1974, 
p. 5. 
^John R. Free, "To Help Relieve the Energy Crunch. . . 
Superbatteries?" Popular Science, October 1973, pp. 100-03. 
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alternatives available. However, they will not be covered 
in this paper, since they represent the subject of an exten­
sive analysis in themselves. 
The farmer/rancher may depreciate his wind electric 
system over a twenty-year period and deduct 50 percent of 
each year's depreciation, operating costs and maintenance 
costs as business expenses on his income tax return.^ Sal­
vage value will be negligible after twenty years and there­
fore will be considered zero in this analysis. 
In addition to his deductible expenses, the farmer/ 
rancher also qualifies for an investment tax credit of 10 
percent of the deductible portion of his purchase. This 
n 
credit amounts to $953 and may be taken at the end of 1975. 
The annual operating costs depend upon the price of 
gasoline and upon the number of powerless hours experienced 
during the year. The average price per gallon of gasoline 
for each year through 1994 has been estimated and appears in 
Table 11. The data for 1969-1975 were obtained from the Mon­
tana Petroleum Association and are price averages for Great 
O 
Falls, Montana. Prices for succeeding years were calculated 
' ^ 
Interview with Clarence D. Misfeldt, Certified Public 
Accountant, First National Bank Building, Great Falls, Mon­
tana, 11 July 1975. 
7 
U.S., Department of the Treasury, Internal Revenue 
Service, Publication 572, Tax Information on Investment 
Credit, p. 1. 
^"Gasoline Prices in 55 Key U.S. Cities," Montana Pet­
roleum Association, Billings, Montana, December 1974. 
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TABLE 11 
GASOLINE PRICE SCHEDULE AND FORECAST 
FOR GREAT FALLS, MONTANA 
1969 - 1994 
Year 
Average Price Per Gallon 
Urban Residence Farm/Ranch 
1969 $ .358 $ .288 
1970 .364 .294 
1971 .366 .296 
1972 .359 .289 
1973 .416 .346 
1974 .539 .469 
1975 .612 .542 
1976 .663 .593 
1977 .716 .646 
1978 .782 .712 
1979 .820 .750 
1980 .862 .792 
1981 .905 ,835 
1982 .950 .880 
1983 .997 .927 
1984 1.047 .977 
1985 1.100 1.030 
1986 1.155 1.085 
1987 1.212 1.142 
1988 1.273 1.203 
1989 1.337 1.267 
1990 1.404 1.334 
1991 1.474 1.404 
1992 1.547 1.477 
1993 1.625 1.555 
1994 1.706 1.636 
SOURCE; 1969-1974 prices obtained from Montana Petro­
leum Association, Billings, Montana, 
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by adding 5 percent each year as a probable inflation fac-
g 
tor. An additional seven cents per gallon was added between 
1976 and 1978 in anticipation of federal decontrol of all 
crude oil prices by 1978. Since the farmer/rancher buys his 
gasoline in bulk, it costs him approximately seven cents per 
gallon less than service station pump price. 
Table 12 provides a schedule of powerless hours for the 
period, 1970-1974. The year 1969 was an atypical year with an 
unusually high number of powerless hours [662 for the urban 
residence and 1,712 for the farm/ranch). Therefore, it was ex­
cluded from the calculation of the yearly average number of 
powerless hours. 
The calculation of the average quantity of gasoline 
required each year to operate the backup generators is shown 
in Table 13. The average number of powerless hours per year 
multiplied by the generator consumption rate (in gallons per 
hour) equals the average quantity of gasoline needed each year. 
In Tables 14 and 15, the average number of gallons of 
gasoline needed each year (from Table 13) is multiplied by the 
average price per gallon (from Table 11) to determine the aver­
age operating cost for each year. It may be noted that begin­
ning in 1985, the gasoline consumption was reduced by one-half 
g 
Annual rates of increase in the gasoline Wholesale 
Price Index for recent years are as follows: 1972, 5.6%; 1973, 
11%; 1974, 28%; Jan.-May of 1975, 21% (adjusted annual average 
for 1975, 50%). U.S., Department of Commerce, Social and Eco­
nomic Statistics Administration, Bureau of Economic Analysis, 
Survey of Current Business: June 1975, vol. 55, No. 6, p. S-9. 
56 
TABLE 12 
POWERLESS HOURS SUMMARY 
Year 
Number of Powerless Hours 
Urban Residence Farm Ranch 
1970 204 921 
1971 51 718 
1972 65 611 
1973 24 452 
1974 57 257 
Totals 401 2959 
Yearly 
Averages 80 592 
SOURCE: Appendices A and B. 
each year. The anticipated reduction in powerless hours that 
are expected to occur when the currently available batteries 
are replaced by a more efficient storage device with greater 
capacity, will result in lower gasoline requirement. 
The maintenance cost of a wind electric system is mini­
mal. It usually involves the periodic painting of the tower 
and changing the gearbox oil. At the most, the average cost 
would be approximately ten dollars per year. The present val­
ues of this annual expense are listed in Table 16. 
Table 17 presents a schedule of cash outflows for the 
farm/ranch. The tax shield for the farm/ranch is determined 
by adding the annual deductible depreciation to the yearly 
operating and maintenance costs, and multiplying the sum by 
TABLE 13 
AVERAGE GASOLINE QUANTITIES REQUIRED FOR 
BACKUP GENERATOR OPERATION 
Average Number of 
Powerless Hours y. 
Per Year& 
Generator Consumption 
Rate (Gallons = 
Per Hour)" 
Average Quantity of 
Gasoline Required 
(Gallons) 
Urban Residence 80 .25 20 
Farm/Ranch 592 . 58 343 




PROJECTION OF BACKUP GENERATOR OPERATING 








Present Value of 
Cost Per Year** 
1975 20 $ .612 $12 $ 11 
1976 20 .663 13 11 
1977 20 .716 14 11 
1978 20 .782 16 11 
1979 20 .820 16 10 
1980 20 .862 17 10 
1981 20 .905 18 9 
1982 20 .950 19 9 
1983 20 .997 20 8 
1984 20 1.047 21 8 
1985 10 1.100 11 4 
1986 10 1.155 12 4 
1987 10 1.212 12 3 
1988 10 1.273 13 3 
1989 10 1.337 13 3 
1990 10 1.404 14 3 
1991 10 1.474 15 3 
1992 10 1.547 15 3 
1993 10 1.625 16 3 
1994 10 1.706 17 3 
Total of Present Values $130 
*Information taken from Tables 11 and 13, 

























PROJECTION OF BACKUP GENERATOR OPERATING 










343 $ .542 $186 $ 93 
343 .593 203 102 
343 .646 222 111 
343 .712 244 122 
343 .750 257 129 
343 .792 272 136 
343 .835 286 143 
343 .880 302 151 
343 .927 318 159 
343 .977 335 168 
171 1.030 176 88 
171 1.085 186 93 
171 1.142 195 98 
171 1.203 206 103 
171 1.267 216 108 
171 1,334 228 114 
171 1.404 240 120 
171 1.477 252 126 
171 1.555 266 133 
171 1.636 280 140 
*In£ormation taken from Tables 11 and 13. 
**Rounded to nearest dollar. 
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TABLE 16 
MAINTENANCE COST SCHEDULE OF PRESENT VALUES 
1975 - 1994 












1975 $10 $ 9 $10 $5 
1976 10 8 10 5 
1977 10 8 10 5 
1978 10 7 10 5 
1979 10 6 10 5 
1980 10 6 10 5 
1981 10 5 10 5 
1982 10 5 10 5 
1983 10 4 10 5 
1984 10 4 10 5 
1985 10 4 10 5 
1986 10 3 10 5 
1987 10 3 10 5 
1988 10 3 10 5 
1989 10 2 10 5 
1990 10 2 10 5 
1991 10 2 10 5 
1992 10 2 10 5 
1993 10 2 10 5 
1994 10 1 10 5 
Total of Present 
Values $86 




SCHEDULE OF CASH OUTFLOWS: FARM/RANCH 





























1974 $19,061® (Less Investment Tax Credit of $953) - $18,108 $18,108 
1975 196 $477 $ 98 $115 81 74 
1976 213 477 107 117 96 79 
1977 232 477 116 119 113 85 
1978 254 4/7 127 121 133 91 
1979 267 477 134 122 145 90 
1980 282 477 141 124 158 89 
• 1981 296 477 148 125 171 88 
1982 312 477 156 127 185 86 
1983 328 477 164 128 200 85 
1984 345 477 173 130 215 83 
1985 186 477 93 114 72 25 
1986 196 477 98 115 81 26 
1987 205 477 103 116 89 26 
1988 216 477 108 117 99 26 
1989 226 477 113 118 108 26 
1990 238 477 119 119 119 26 
1991 250 477 125 120 130 26 
1992 262 477 131 122 140 25 
1993 276 477 138 123 153 25 
1994 290 477 245 124 166 25 
Total of Present Values $19,214 
NOflE: All figures are rounded to the nearest dollar. 
^Initial investment for wind electric system. 
^Fifty percent of total depreciatioi. 
^SOURCE: Tables 15 and 16. 
^en percent discount rate used. 
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the tax rate. The tax shield is then subtracted from the 
total annual operating and maintenance costs to determine 
the cash outflow after taxes. This figure is then discounted 
over the appropriate number of years at 10 percent to estab­
lish the present value of the cash outflows. 
The tax rate for the farmer/rancher in this study 
could not be ascertained, so a tax rate of 20 percent was 
used in the tax shield calculation. 
Present values were calculated for all cash outflows, 
using a stored computer program from the Air Force Institute of 
Technology/University of Montana computer, located at Malm-
strom Air Force Base, Montana. The program is entitled, "IRR/ 
NPV." The data required to execute the program were taken 
from Tables 9, 10, 14, 16 and 17. 
The present value totals are summarized in Table 18 in 
consolidated form for easy reference. The two ratios in the 
table reduce the comparisons to their simplest forms, compar­
ing the cost of each of the wind systems to the cost of commer­
cial power over the projected twenty-year period. 
A large quantity of excess power produced by the wind 
electric systems during sustained high winds cannot be stored 
and used (Tables 21 and 22). Until an economically feasible 
use is found for this excess energy, it would be extremely 
difficult to conduct a financial analysis of this potentially 
valuable resource. Accordingly, its value was not included in 
this analysis. Chapter V will explore this problem area and 
TABLE 18 
PRESENT VALUE COST SUMMARY; TWENTY-YEAR COST COMPARISON 
1975 - 1994 









Commercial Power^ $ 2,178 $ 4,418 










Cost Ratio of Wind 
System to Com­
mercial Power 5.4 :1 4,3 :1 
^SOURCE ; Table 17, 
^SOURCE: Tables 9 through 10. 
^SOURCE; Table 5. 
^SOURCE : Table 14. 
^SOURCE; Table 16. 
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make recommendations for further study necessary to deter­
mine the most profitable market for the excess electricity. 
CHAPTER IV 
CONCLUSIONS 
The results of this study indicate that domestic-
scale wind generator systems with the configuration estab­
lished in this paper are not presently economically feasible. 
Table 18 points out that in the case of the urban 
residence, a wind electric system would cost 5.4 times as 
much as commercial power when the two alternatives are com­
pared over an estimated twenty-year wind plant life. The 
farm/ranch would enjoy added tax benefits, making a wind sys­
tem less expensive in the long run than for an urban residence. 
A system for the farm/ranch would cost 4.3 times as much as 
commercially-provided electricity. 
Assuming that the excess power is not used, the urban 
resident would be paying an average of 7.2 cents per kilowatt-
hour and the farmer/rancher 4.5 cents per kilowatt-hour (Ta­
ble 19) if a wind electric system were currently installed. 
This cost would remain constant and would not increase over the 
next twenty years. 
On the other hand, commercial power in Great Falls, 
Montana presently costs the urban resident an average of 2.34 
cents per kilowatt-hour and the farmer/rancher 1.9 cents per 




ELECTRICITY COST IF EXCESS 
POWER CANNOT BE USED 
(1) 




Present Cost of a 




(2) T (1) 
Urban 
Residance 163,740 $11,848 $.072 
Farm/ 
Ranch 427,970 $19,214 $.045 
^Projected from "Consumed" column in Tables 21 and 22, 
Increased consumption is included. 
^SOURCE; Table 18. 
TABLE 20 
CALCULATION OF AVERAGE PRESENT COMMERCIAL 
POWER COST PER KILOWATT-HOUR 
1974 Total 
Cost* 




Urban Residence $176.35 7,534 $.0234 
Farm/Ranch $339.86 17,853 $.019 
ŜOURCE: Tables 7 and 8. 
ŜOURCE: Appendices A and B. 
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twenty years to at least 6.3 cents for the urban resident and 
5.1 cents for the farmer/rancher, according to Federal Power 
Commission estimates. 
Although the present value comparison shown in Ta­
ble 22 includes the Federal Power Commission forecast for 
increased rates, the reader should be aware that commercial 
rates may rise at an even more rapid pace during the next few 
years. Significantly higher unit costs are forecasted by other 
sources. For example, the Real Gas and Electric Company of 
Guerneville, California predicts that utility bills could more 
than triple in the next five years.^ 
Other factors that could change the results of this 
study in wind power's favor are: (1) the development of new 
energy storage media which are inexpensive and which have large 
capacities, (2) lower wind generator prices as mass production 
is introduced, (3) the adoption of federal and state tax breaks 
to provide incentives for investment in non-polluting energy 
systems, (4) the extension of wind generator life beyond twenty 
years (some have been known to operate trouble-free for periods 
of up to forty years) and (5) the discovery of a practical use 
for the excess power generated during sustained windy periods. 
^"A Few Questions and Answers About Electric Power," 
Fact Sheet from Real Gas and Electric Company, Inc., 1974, p. 1. 
2 
"The Plowboy Interview: Marcellus Jacobs," The 
Mother Earth News, November 1973, p. 56. 
CHAPTER V 
RECOMMENDATIONS FOR FURTHER RESEARCH 
Although domestic-scale wind electric systems do 
not appear to be economically feasible at the present time, 
there is a significant quantity of excess power produced by 
the wind generators which is lost when the storage batter­
ies are already fully charged. Tables 21 and 22 present 
the results of the wind model runs. The last two columns 
in each of those tables reflect the excess power produced 
by the wind generators during each of the six years studied. 
The power produced during each year was from two to five 
times more than the power consumed. If a practical way 
could be found to store this excess or to use it as it is 
generated, the domestic-scale wind plant would come close 
to becoming an economical investment. 
Table 20 showed that commercial power rates in the 
Great Falls, Montana vicinity average from 1.9 to 2.3 cents 
per kilowatt-hour. If all of the power produced by a wind 
turbine could be used, the cost could be as small as 1.5 
cents per kilowatt-hour for the farm/ranch and 1.9 cents per 
kilowatt-hour for the urban residence when projected out 













Excess Power Produced 
DC AC 
1969 662 20,372 6,753 13,619 13,264 
1970 204 28,132 8,464 19,668 19,223 
1971 51 33,371 8,626 24,745 24,291 
1972 65 34,792 8,826 25,966 25,502 
1973 24 34,481 7,767 26,714 26,305 
1974 57 36,867 7,534 29,333 28,936 
SOURCE: Appendix A. 
TABLE 22 
PERFORMANCE SUMMARY 









Excess Power Produced 
DC AC 
1969 1,712 42,538 22,704 19,834 18,974 
1970 921 58,276 21,247 37,029 35,961 
1971 718 67,048 22,844 44,204 43,002 
1972 611 69,351 20,778 48,573 47,843 
1973 452 70,282 20,445 49,837 48,761 
1974 257 73,830 17,853 55,254 55,038 
SOURCE: Appendix B. 
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TABLE 23 
ESTIMATED ELECTRICITY COST IF ALL WIND 
POWER GENERATED COULD BE USED 
CI) 




Estimated Cost of a 
Wind Electric System 
(20-Year Period)̂  
Estimated Cost 
Per KWH 
(2) T (1) 
Urban 
Residence 626,717 $11,848 $.019 
Farm/ 
Ranch 1,271,083 $19,214 $.015 
^Projected from "Produced" column in Tables 21 and 22. 
^SOURCE: Table 18. 
Comprehensive studies should be made to determine how 
the excess power could be used to the best advantage. A few 
suggestions for further research efforts are offered in the 
following paragraphs. 
Space Heating Application 
The excess electricity produced could possibly be used 
for space heating. Tables 24 and 25 demonstrate the potential 
average cost savings which could be realized if an electric hot 
water heating system were installed in each of the two residen­
ces studied. The annual savings to the urban resident could 
be approximately $56 on an estimated total heating cost of $520, 
and the farm/ranch could save about $113 on an estimated total 
of $781. These calculations assume that all of the excess power 
TABLE 24 












Avg. % Wind Power 
Available 
(KWH/Mo.) 









(3) X C4) 
Jan 34,535 2,884 ,084 $ 91.52 $ 7.69 
Feb 29,041 2,147 ,074 76.96 5,70 
Mar 25,117 2,490 ,099 66.56 6,59 
Apr 15,894 2,095 .132 42,12 5,56 
May 10,400 1,459 .140 27.56 3,86 
Jun 4,317 1,631 .378 11.44 4.32 
Jul 0 1,042 1.000 0 -
Aug 0 759 1.000 0 -
Sep 6,279 1,397 .222 16.64 3.69 
Oct 15,502 1,924 .124 41.44 5.14 
Nov 23,743 2,127 .090 62,92 5,66 
Dec 31,396 2,966 .094 83,20 7,82 
Totals 196,224 22,921 - $520.36 $56.03 
*Total Annual Power Required = volume of space to be heated x 1.4 watts/cu. ft. 
, , 1,000 watts 
X 24 hours/day x 365 days/year. 
^Averaged from "Excess Monthly Power" in Appendix A. 
^Monthly Requirement = Percentage of Total as follows: Jan,, ,176; Feb., .148; 
Mar., .128; Apr., .081; May, .053; Jun., .022; Jul., 0; Aug., 0; Sep., .032; Oct,, .079; 
Nov., .121; Dec., .16. SOURCE: Rowe Electric Company, Great Falls, Montana. 
TABLE 25 












Avg. % Wind Power 
Available 
(KWH/Mo.) 









(3) X (4) 
Jan 51,803 5,139 .099 $137.41 $ 13.60 
Feb 43,562 4,534 .104 115.55 12.02 
Mar 37,675 4,432 .118 99.93 11.79 
Apr 23,841 4,059 .170 63.24 10.75 
May 15,600 2,305 .356 43.38 15.44 
Jun 6,475 2,768 .427 17.18 7.34 
Jul 0 1,642 1.000 0 -
Aug 0 801 1.000 0 -
Sep 9,419 2,610 .277 24.98 6.92 
Oct 23,253 3,651 .157 61.68 9.68 
Nov 35,615 4,079 ,115 94.47 10.86 
Dec 47,094 5,577 .118 124.91 14.74 
Totals 294,336 41,597 - $780.72 $113.14 
*Total Annual Power Required = volume of space to be heated x 1.4 watts/cu. ft. 
X 24 hours/day x 365 days/year. If000 watts 
^Averaged from "Excess Monthly Power" in Appendix B. 
^Monthly Requirement = Percentage of total as follows: Jan., .176; Feb., .148; 
Mar., .128; Apr., .081; May, .053; Jun., .022; Jul., 0; Aug., 0; Sep., .032; Oct., .079; 
Nov., .121; Dec., .16. SOURCE: Rowe Electric Company, Great Falls, Montana. 
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produced (except July and August when there is no heating 
requirement) could be used and a constant seventy-degree 
Fahrenheit temperature would be maintained throughout the 
entire home during the cool months. 
There are at least three problems associated with 
this approach which should be considered: (1) the initial 
cost of an electric hot water heating system, (2) the operat­
ing cost difference between electric and gas or oil systems, 
and (3) the possible requirement for additional storage 
batteries. 
In the more southerly regions of the United States, 
the electric heat pump can be up to 250 percent more effici­
ent than conventional electric heating, especially where 
outside temperatures remain above forty degrees, Fahrenheit. 
However, the heat pump would not be economical in Montana.^ 
Hydrogen Production 
The electrolysis of water produces hydrogen. This 
is another potential means for using the excess power pro-
2 
duced by wind turbines. This would provide a storage medium 
as well as a source of fuel for a furnace, vehicle, or fuel 
cell. There is a great deal of research currently being dir­
ected toward the goal of finding a safe and economical use of 
^Lennox Heat Pump Brochure, #HP-741-W9 (Marshalltown, 
Iowa: Lennox Industries, Inc.), p. 11. 
2 
Lawrence Lessing, "The Coming Hydrogen Economy," 
Fortune, November 1972, p. 138-46. 
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hydrogen. However, this form of energy storage is not pre­
sently available on a large scale for widespread use. 
Dual User Concept 
Another possible use of the excess power would be to 
share it with a neighbor who would supply his own batteries. 
Also, a larger inverter and backup generator would be requir­
ed. A run of the Wind Model, described in Chapter II, was 
made for 1974, incorporating this concept, Consumption and 
battery storage capacity was doubled and identical daily con­
sumption for the two neighbors was assumed. The results of 
these runs are presented in Table 26. 
This option may be more feasible for an urban resi­
dent than for a rural resident for the following reasons: 
(1] the close proximity of the two neighbors, thus facilitat­
ing power transmission, and (2) the relatively low incidence 
of powerless hours, resulting in low operating costs. The 
net cost per kilowatt-hour to each of the urban consumers 
would be approximately five cents, compared to 7.2 cents, 
estimated for a single urban residence (Table 19). 
Integration Into the Commercial 
Power Grid 
Although there are presently no wind generators sup­
plying power to commercial power companies, there are thou­
sands of systems of other types throughout the country now 
using this concept. Examples are printing mills, elevators. 
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TABLE 26 
COMPARISON OF DUAL USER VS. SINGLE 
USER CONCEPT: 1974 
Number of 
Powerless Hours 
Excess KWH Produced 
(AC) 
Single 
User* Dual User 
Single 
Userb Dual User 
Urban 
Residence 57 217 28,936 20,995 
Farm/Ranch 257 804 55,038 37,178 
^SOURCE: Tables 25 and 26; also Appendices A and B. 
^SOURCE: Appendices A and B. 
and factories where there is on-site power generation.^ 
Recent research at Oklahoma State University has indi­
cated that wind electric systems could provide power to a util­
ity at a cost of roughly 1.25 cents per kilowatt-hour. When 
the wind blows, energy is pumped into the power transmission 
lines and the power plants feeding the line would back off on 
the throttles of their turbines to save an equivalent amount of 
fossil fuel.^ 
The first application of wind power to this concept 
since the Smith-Putnam project will occur during the summer of 
^"Hans Meyer's Talk," Wind Power Digest, Summer 197 5, 
p. 24. 
^Report to the Committee on Science and Astronautics 
(Subcommittee on Energy), House of Representatives, United 
States Congress, on the Economic Generation of Energy in Com­
mercial Quantities from Wind (College of Engineering, Oklahoma 
State University, 21 May 1974), p. 9. 
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1975 when the joint NASA/NSF one hundred kilowatt wind turbine 
goes on line in Ohio and feeds its output into the Sandusky 
Light and Power Company's system,^ 
There is no reason why this cannot be done on a small 
scale as well, Windworks of Wisconsin, an alternative energy 
research group, has developed a power conversion panel which 
serves as an interface between a wind electric system and the 
commercial power grid. With the power company's concurrence, 
the wind generator would supply the power for the home with 
any excess going back to the power company. On the other hand, 
power deficits would be made up by the power company,^ 
According to Hans Meyer of Windworks, this arrangement 
would cut the cost of a wind generation system in half. This 
innovation certainly deserves attention in the form of an eco­
nomic feasibility study conducted in a similar manner to the 
financial analysis in Chapter III of this paper. 
Concluding Remarks 
Wind power is the one form of solar energy which is most 
easily captured with present technology. Intensive efforts 
are under way by numerous universities, organizations, compan­
ies and individuals to discover an economical means to harness 
this abundant energy source. 
^David G. Lee, "Wind Power," National Wildlife, August-
September 1975, p, 31. 
^"Hans Meyer's Talk," Wind Power Digest, Summer 1975, 
p, 23. 
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It is hoped that this endeavor has stimulated interest 
and has created an awareness of the many aspects to be con­
sidered before investing in a wind electric system, both in 
the selection of an optimum plant size and in the many finan­
cial considerations associated with such a major purchase. 
It is also hoped that the Wind Model and the financial 
analysis will serve as a springboard for further research 
into the large number of possible ways to go about harnessing 
the energy of the wind. 
APPENDIX A 
WIND MODEL RUN FOR THE 
ZEPHYR WIND TURBINE 
*** ZEPHYR (15 KW AT 30 MPH) 
I»-•I»-'»-1»-I»-«•)»•*«*-p-*••)>• *****•#• S»--fr • 
UPPER LIMIT Or ZERO WIND = 5 MrH 
VELOCITY OF MAXIMvM POWER PRODUCTION = 30 MPH 
HOURLY PERCENTAGE OF DAILY CONSUMPTION 
HOUR = 1 2. 29 Fc.RCc.NT 
rtL'uK 1. y6 rc.KUc.Ni 
HOUR 3 1. 74 PERCENT 
n'-"_'n t 1. /n rc.n.cc.iMi 
HOUR 5 1. /1 rcn^CMl 
— o i. e rc.nuc.i*41 
HOUR 7 2. 45 PERCENT 
n>_"_>rv - . c J' rc.r\t. c.Ni 
HOUR - •t :• rc.r\'_c.NT 
n(_'un. = i V z>. tt r cnucix i 
HOUR 11 6. 15 PERCENT 
ni_'i_irv o. C'4 rcriutNi 
HOUR 13 / o r  c r v u - t i v T  
rn_"_'n X t 4. o4 r EriUEN i 
HOUR 15 t. rcnUcwT 
i HOUR - 16 i. oo rc.r\uc.i<il 
HOUR = 17 4 S PERCENT 
HOUR 1 £ 7.21 PERCENT 
nt'.so 
nv.vC' a'- r" r -DYSjfJ. 
nU>_<rv ^ J. D. -iw' r cKU'CIM I 
nyurv 4. o6 PERCENT 
wn: :p T-
n'_"_'rv -in -i.. ••J. rc.hu CIM 1 
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r-H 1 1 cri T C' 1  ̂  ̂
BATTER I :• 1 :=' 1 z.n vJl. i mvc. = ilL' VvLT& 
' 
L M 1 1 CfM t'I =• I c.n i-*,rir — n'_"_'n r.i-i i aiv-' = 5nO m'li—nno 
• 
r .-• 1 c.:': err aL j.c.iw. 
RECTIF .'. cr. =.r r 1L 1 cMv i = i vv r cnccN i 
INVERT crt iir r 1 >_ i I = r J rc.PM_ c.i\jT 







IIL' I-. nczvn: = r =.=. ! 
OEricF.A 1'.r. =.r. — ov r c.c. i 
* 'T*! ~ T I Or; URBAN RFSTnF.NrF. • - 1969 
MON 1 HL'» 
MONTH ^ 1 ^74 KwHR3 
MONTH 
MONT H = 3 616 
KwriR3 
KWHR5 
MONTH = 4 410 KWHRS 
MONTH = 5 406 KWHniS 
MONTH = 6 2.42. KwHr\S 
MONTH = 7 166 KWHRS 
MONTH — o 3/4 KWHni 
MONTH = 9 362 KWHR3 
MONTH = 10 KwHRS 
MONTH = 11 53? KWHR3 
MONTH i-i 930 KWHR3 
1 U 1 Ml_ 6753 K w r m o  




1 1M'JLMT 1 C'lM ûuTrwT***** 
YEARS OF SIMULATION. 1 
ruWERLcâo HOURS HISTOOnAM 
YEAR - 1 1969 
HUL'K 1 J./ 4. v/635 /. 
HOUR 2 26 3. 92742 % 
HUUR o 3. ?274? % 
HOUR = 4 23 3. 47432 % 
ni_'v.'r\ = o. / / ott /. 
HOUR 6 25 3. 77644 % 
n>_''_'n = / C'. / / Ott /. 
HOUR 3. 47432 % 
HUUrt V 4. 22^61 % 
HOUR 10 2o 4. 22?61 % 
H'-'Un 11 -io 4 ̂ ^rêl % 
HOUR = 12 "+ .i-i-yoj. /. 
H'-'*-'n zc n. ̂ :ov»oo /. 
HOUR 14 • ^ f a #y H. % 
HL'vK = 15 t. w'OV/OO /. 
HOUR = 16 29 4. SoOoo % 
HOUR = 17 2? 4. 33066 % 
HOUR IS 2? n. zcvce /. 
HUUrt 19 n. /• 
HOUR 20 2? 4. 38066 % 
HOUR 21 30 4. 53172 % 
HOUR = 22 30 4. 53172 % 
HOUR = 23 CV 4. 53172 % 
HOUR = 24 2? H. W'OOOC" /. 
TOTAL = 662 HOURS 
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***** TOTAL MONTHLY POWER PRODUCED ***** 
1969 
YEAR. 1 
MONTH 1 . 13S?. 07 KWHRS 
MONTH 2 . 1632. 94 KWHRS 
MONTH 3 ; 2400. 87 KWHRS 
MONTH 4 . 2262. OS KWHRS 
MONTH 5 1423. ? KWHRS 
MON TH = o . 1202. 21 KWHRS 
MONTH 7 1303. Z'-j Kwnni 
MONTH 1231. 2? KWHRS 
MONTH = 9 . 152?. 63 KWHRS 
MONTH 10 . 1513 cr ̂  ' 1 « * « — —. . -»/ Kw.nrvo 
MONTH 11 2564 - 54 KWHRS 
MONTH 12 . 1S?6 . 72 KWHRS 
TOTAL POWER = 20372.2 KWHRS 
4***̂  EXCcSS MONTHLY POWcR 
1969 
YEAR. î 
MONTH = 1 679. 599 KWHRS 
MONTH = S93. 969 KWHRS 
MONTH 3 1541. 92 KWHRS 
MONTH = •+ ISoO. 5 K xwnna 
MONTH 5 996. 527 KWHRS 
MON 1 H o rt/. t/^ KWHRS 
MONTH 7 1130. 61 KWHRS 
MONTH = o 637. 606 KWHRS 
MONTH = 9 114S. 56 KWHRS 
MONTH = 10 743. 046 KWHRS 
MONTH 11 1576. 12 KWHRS 
M UN i rt = V 1 . // H KWHR6 
I u I i-ii_ c.A*-r.bc' = 
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• ~ri."ijîîr TIC •cr->-x-o URBAN RESIDENCE • 1970 
i-. isT nL V 
MONTH I 7 ? 4 K WHR5 
MONTH 744 K WHno 
MONTH - S 626 K wHRS 
Mui 41 H *t C'CC" r-vWnnâ 
MONTH = 5 / Oo r-vWnKs» 
MONTH 6 / O f-s wnne 
MONTH 7 • *« I» -*f / V r.wnn,.» 
MONTH = o Kwnrvo 
MONTH 9 C'*tu TvwnKr̂  
MONTH 10 C C'C' Kwnrvc-
MONTH 11 c-?4 KwriRS 
M'-'NTH o :'o r„wnr\o 
TOTAL = £464 r\wnf\ 3 
M v t r - . =  'ir 1 I ON = -i-i. lo;' Nwnno 
— -
v - t t - i  f ' i  VL.M ! 1 L':\ W 1 r U 1 
YEARS vr 1 iwM. X 
r v";=.r.i_=. CC5 n'_' vnc' nioi vunAM 
YEAR - 2 1970 
nv-Tv = X X K - *T % X 
r\ 
— 1 X / c-
n»-'U'r\ — r X X / o 
nvL r. X X / o 
n»-'»- r\ / X / 
n*. r. / X / 
nvu r. — / / Z' X - / /. 
n o 1' - X /. 
n*J"_ r\ n X / .u 
nUL r. : V X / o 
n*-"-r. — 1 i X / c* /. 
rr-'»-rv n X X / o /. 
nv-n. — X C' n f X X / o /. 
nv-r. Z.W /. 
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n*-" vr. - 1 Iw»/ 
HO' •JR 1 6 7 3. 43 137 % 
nw^ — - / — • :• /. 
nwn X o 157 V. 
ntjuT\ 1 •' t j. a / o /. 
HO: UR 0 4. 4 1 176 % 
HOi L'R — 1 4. 41 17o % 
- HOI LT. = :•• n. *i i i / o /• 
n*-" ur. y n m 1 / o /. 
HOi L'R = 4 •? 4. 41176 % 
7 OTAL " 204 n»_*u *T\Z-
***»» TOTAL MONTHLY POWER rnODUOED ***** 
1970 
Yr-An. Z 
MONTH 1 . 2150. 44 KwHRS 
MONTH 20? 3. :• 1 KWnR3 
MONTH 2376. 51 KwHR3 
nvr̂  i n — *t J'L'iC'. vo fswnrvs 
MONTH - 5 . J. / r-i.. 65 
MvNTH = c- . -iC'OO. xo Kw.nrvc^ 
MONTH 7 1256. 43' KWHRS 
MONTH •=• . 1266. 5? KWHR3 
MONTH — :• . 2506. f-.wnnc-
M vini I n 1 L' . -i/ r' 1' oc ' Kwnno 
MONTH - i X -i-iOV. -i Nwnna 
MONTH . C^?'00. / X fvwHR 5 
! I Hl_ r *, _'w=.r\ KWHRS 
C. A*_.c.= î'ïOi'4 : nuT rwwcn • 
1970 
TCMn. -C 
MONTH = 1 354 65 kWHR3 
MONTH = i i. L'» 75 r^wnr\-z> 
MONTH 1717. 56 kWHR3 
MONTH = -ii7 ? 5. ?6 KWHR3 
MONTH = 5 104?. 4? kWHR3 
MONTH 6 lo3c. 27 KwHRô 
MONTH 7 761. 6 o? KWHRS 
MONTH - o 6/7. 00? KWHRS 
MONTH = 1622. 55 NWnRS 
MuN ! H J. v 1 oo*t r^wnrvo 
MONTH 11 131 J' . 15 KWHRS 
M'-MMTH -, V-T j. r.wnno 




wL. O r.wnr.c 
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*** CONFUMFTICN -URBAN RESIDENCE - 1971 
I IC'i «THi. ; 
MONTH & 1 07c KWnRS 
MONTH / w kwnr\S 
MONTH Z' 65c r.wnrvo 
MONTH 4 c62 KWHR5 
MONTH 5 752 KWnnS 
MONTH 6 4f 0 KwHRi 
MONTH 7 570 KWHR5 
MONTH o 580 KwHRS 
MONTH ? 760 KWHRS 
MONTH 10 716 ' KWnRS 
MONTH 11 74C ' KWHRr 
MONTH 12 f'02 . NwnRâ 
I i HL. — rswnnc' 
m vEp.h vE daily COh:UMr71OiN = 21- «Ô2f KwHnô 
Iui\ OuTF Ù7***** 
1 c.i-!pio Kjr c-xn<_'UH I IOIM; 1 
r •-'wr.p.i.E.c c- s niai 
YrAR 1971 
nJUh X C'. /• 
HOUR 3'. 52157 % '  
— c X X . O V / O 
HOUR %  
rî'jvp» Zj X X. / o y. 
n*-'un. c X X .  T ' C V / O  y. 
nwn / X X .  r  - C ' V / o  /. 
n«.'ur\ = 3. .-'2157 /. 
nu'-'rv ;• /. 
HOUR 10 3. 92157 %  
n*_*vr. 
= 
X X C'. y^x^v 
HOUR 3. f'2157 % 
xo 
87 
nUUn = it.* /. 
HOUR 16 .1 3, f2.15 7 % 
HOUR 17 •215 / % 
• HOUR 1 o ? 2157 % 
HOUR i ? -
HOUR -iV -• 5. oc»-.w- % 
HOUR Z' 5. % 
HOUR 3 5. SÔ23 5 % 
n*_»vn / .  OtOlt /. 
n*jVT\ /. 
TOTAL =51 HOURS 
***** TOTAL MONTHLY POWER PRODUCED *»+** 
1971 
YC.hk. 3 
MONTH 1 ; 3740. 4 K !wHR3 
1 n w - M  v -iO r%wnno 
MONTH C" 3 ? ? 1. 22 KWHRS 
MONTH n . 241 y. ;'o KWHR5 
MONTH 5 ; 1816. 57 KWHRS 
MONTH o .. lo51. KWHRS 
MONTH 7 1462. 77 KWHRS 
MONTH o . 1625. 1 X T-.wnno 
MONTH y . Kwnrv® 
MONTH i V . , t / KWHRS 
MONTH 11 . 346S . 35 KWHRS 
MONTH . 4055 . 13 KWHRS 
TOTAL r uwc.r. = 33370 . 7 r-swnni 
***** EXCESS MONTHLY POWER ***** 
1971 
YEAR; 3 
MONTH 1 2-Sl o. 3 r (WHRS 
MONTH n*t KWHRS 
MONTH 3 3-2 r'S, 59 KWHRS 
MONTH n 14? 1. 54 KWHRS 
MONTH = 5 1024. ?•? KWHRS 
MONTH = o to Nwnna 
MONTH 7 S62. 7 7 r (WHRS 
I ri o i V i t. Nwnna 
MONTH •? 1505. 62 KWHRS 
MONTH IV 2535 . / o KWHRS 
MONTH = 11 2669 . 93 KWHRS 
MONTH = T2. ii05. ô6 KWHR3 
/ r-̂ vNnr.o 
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CC-'N = --.|ir7IC.N URBAN RESIDENCE - 1972 
MONTHLY 
MONTH 1 944 KWHRS 








































ilu'iM 1 n lOi^c Kwnno 
1 U 1 AL • Nwnrvo 
H V C-KH'-'C. L'A j. i_ 1 <_ VI ; r •'ji'ir 1 i'-'iM -• -it. ioOe f.wnr.c« 
***»*SIMvLMTION OUTPUT***** 
YEARS OF SIMULATION. 1 
POWERLESS HOURS HISTOORAM 
YEAR = 4 1972 
HUUn X 4 .  o x %  
HOUR 2 2 /à 
ii»_'Un = o X X. boon6 /. 
HOUR 4 3. 07692 y. 
= z< X 1. 53S46 % 
HOUR = 6 1 1. 53S46 % 
ri'JUrC / o. V / o r- -i. J. 
HOUR S 2 3. 07692 % 
— V C". V / c- y -i jm 
HOUR 10 1 1. 53846 % 
ni_"Jr\ X X X X. 7. 
HOUR 12 • 5 7. 69231 % 
HUUn X w- 7. 69231 % 
HOUR 14 4 6. 15335 v. 
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mj'jrv 1 t. W 1 iw-O /. 
HOUR = 16 4. 61538 /. 
nuun — 1 / o *t. oiDC'O Jm 
HOUR 18 3 4. 61538 Vm 
HUuR = 1 ? n o. 15385 % 
HOUR 20 4 6. 15385 % 
1 — 21 H Ô. 15385 
' HOUR 22 3 4. 61533 % 
ni_«iJn o n. 61538 % 
HOUR 24 3 4. 61538 % 
1 1 ML. — Owl n'_"_'ns 
***** TOTAL i MONTHL Y POWcR PRODUCED ***** 
1972 
YcMhl. 4 
MONTH 1 . 5030. 42 KWHRS 
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1 U 1 ML ruwr.K = KWnrio 
***** c-A'-nc •c- ML'N i HL I c-h ***** 
1972 
t tHrt; t 
MONTH 1 4036. 74 KWHRS 
I'iL'N 1 n 
MONTH = 
'J. 
3 2357. 05 KWHRS 
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2241 
. 65 fswnno 
KWHRS 
I'l'JN i ri iZ, . 6 KWhRc-
I U i AL nAL&i 3 = Z< Kwnno 
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4 * *  C O N E U M F T I C N  * * * * *  U R B A N  R E S I D E N C E  -  1 9 7 3  
j'l'-'iM 1 nuV 








































MONTH il ovo KWHRS 
TOTAL .= 7767 KWHRS 
AVcRAGc DAIL'i CONE UMFT I ON = 21. 2755 KWHRS 
*****oirl'_'UM i iUN Uu i r uT***** 
YEARS Or SIMULATION: 1 
rUwcKLcaâ HOORS HISTOGRAM 
YEAR = 5 1973 
H'JUK 1 V O /. 
HOUR - 0 0 % 
nUUn o V V 
HOUR 
= 
4 0 0 % 
n<_"_'n 3 V c y. 
HOUR 6 0 0 % 
H'JUK = / V KJ 
HOUR S 0 0 % 
riUUK > V» SJ 
HOUR = 10 1 4. 16667 % 
nuvn 
= X i o. /> 
HOUR 12 3 12. 5 % 
n»_"_'n — i.o o 1 5 % 
HOUR = 14 •Z' 12. 5 % 
91 
HOUR 15 C' 5 % 
HOUR 16 Ô. 13333 % 
HOUR 17 1 4. 16667 % 
• HOUR 1 o S. 33335 % 
t y 1 t. 16667 /. 
HOUR 20 1 4. 16667 % 
HOUR 21 1 •t. 16667 
HOUR 22 0 0 % 
HOUR 23 0 0 % 
HOUR 24 1 4. 16667 % 
I '-'TML — H'JL'Ri 
***** TOTAL MONTHLY POWER PRODUCED ***** 
1973 
YEAR; 5 
MONTH 1 . 4837. 7 KWHRS 
MONTH 
MONTH 3 . 
2510. 54 KWHRS 





2856. 05 KWHRS 
2451. 7 KWHRS 
MONTH 
MONTH 
o . • 
7 ; 
2835. 15 KWHRS 





1801. 46 KWHRS 





3423. 31 KWHRS 
2558. 12 KWHRS 
MUNTn 12 . 3575. 4 KWHRS 
I u< I ML r '_'wc.n = 5 rs.wnr\o 
EXCc.ï MON 1HL . : r •-'wc.n ***** 
1973 
YEAR; 5 



















































M'-'N 1 n I J L  ^1-ib oo KWHn6 
I u I ML. cAucao = / Kwnnio 
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I ON r-'J: ;r TI C-t\ URBAN RESIDENCE - 1974 
MONT nL; 







































MONTH - 12 S46 KWHR5 
TOTAL = 7334 KWHR5 
AvERAOE DhILV CONSuMFTION = 20. 6411 KWHR5 
i MuLA 71 ON OUTPUT ***** 
YEARS OF SIMULATION. 1 
rUwcKLcSa nUuRS ni STûORAM 
YEAR = 6 1974 
.n'JUh 1 D. 
HOUR 2 5. 26316 % 
n'_"_<r. — •zr C. 
HOUR 4 5. 26316 % 
n(_"_'n. J. C'Oo// 
HOUR 6 1 1. 7543? % 
riL'U.*'. / w'. oOc / 7 /• 
HOUR = o 1 1. 7543? % 
— y Z'. C.»vo/ / 
HOUR = 10 2 3. 50677 % 
n'_'U'r. — 1 J. 
HOUR 12 3. 50877 % 
-•nU'un ic' 
HOUR 14 2 3. 50377 % 
93 
nuvn = i z> w'VO/ / 
HOUR 16 3. 50377 % 
n'_"_ir. — X / Jv w'Oô/ / 
HOUR IS 3 5. 26316 % 
n>_"_'r\ i> •i t'. /. 
HOUR = 20 3 5. 26316 % 
HOUR 21 3 5. 26316 % 
HOUR 22 3 3. 263' 16 % 
ri'-'un — J' 5. -i6,i-io % 
HOUR 24 3 5. 26316 % 
TOTAL '= 57 HOUR s 
***** TOTAL MONTHLY POWER FRODuCED ***** 
1974 
YEAR. 5 

















































MONTH 12 . 5165 . o? KWHRS 
TOTAL POWER = 36366 . ? KWHRS 
#***» cXCccE MONTHLY rOWcR ***** 
1974 
YEAR. S 
MONTH 1 4341. 75 KWHRS 
MONTH = 3? 4 5. oo KWHRS 
MONTH = 3 3613. 13 KWHRS 
MONTH 4 1569 KWHRS 
MONTH = 5 2277. 3? KWHRS 
M'-iNTH — 6 1593. 65 KWHRS 
MONTH 7 124?. 66 KWHRS 
MONTH o 62?. 131 KWHRS 
MONTH ? 865. 30? KWHRS 
MvNTH XV 187? . ot Tvwnrvo 
MONTH 11 26?'3 . 26 KWHRS 
MONTH 12 4275 fswnrvo 
T OT AL EACEISS = c. t 
APPENDIX B 
WIND MODEL RUN FOR THE 
IPD WIND TURBINE 
J r.L. zr ẑ Clr IJATI C'ri z 
IPD (25.5 KW AT 25 MPH) 
t 
uFrtn LIMI7 ur ZERO WINL = 7 Mrri 
VcXmCTTT Ur Mm A i MuM FwwcR rr\oL"Ju i xûim = Z5 MPH 
HG'JRLV FERCcNTAGE OF DAILY CONSUMPTION 
HOUR 1 -i. r criL cw I 
nu-u'n = X. ."c- rc.nuc.iMi 
nOiJn = 3 ' Î. 74 PERCENT 
M i. /*t r c.r.'_ C.N i 
n*-»urv 5 1. / n rnrj-GiMl 
U' X. o r cr.L CN : 
j -i. rcn'-cN i 
n\_»utr\ Z-. ccr rc-r.-wC-iMi 
ni_*u»r\ ? n- o r =.r.«-c.1'41 
n*_"_»r\ i U. nt r cr.uc:̂  i 
HOUR 11 «•. X r c.rX c.imT 
•= o. ••*! r cnu cN i 
HOUR IS / L> rz.nL c.ivi 
nv-T*. X *t. CM rc.r\'_ C.IVI 
nu'vr. 15 -t- -i-i. r cnu ciN 1 
— -J. C'J- rc.n'-c.i*<j 
n'-*un X / *t- •=• rc.ni-c.iM 1 
n'-'u'n X o / . -i.x r cncciM 1 
nuu'n. X /. -il.' rcnu C.IM 1 
1 HUUR = -iV 5. 57 FERCEIMT 
HOUR = 21 N.«. rcnu c.imT 
•+. oo rcnu C.IMI 
HOUR = y rcnUr.iMl 
HOUR 2 . 4 1  P E R C E N T  
95 
96 
BATTERY STORAGE '***** 
BATTERY SYSTEM VOLTAGE = 115 VOLTS 
BATTERY SYSTEM AMP-HOUR RATING = 540 AMP-nRS 
*****gYSTEM EFFICIENOIES***** 
RECTIFIER EFFICIENCY = 100 PERCENT 
INVERTER EFFICIENCY = ?5 PERCENT 
VELOCITY HEIGHTS***** 
r.Pivt WM:M nciUni = jlJ. rc.c.1 
r .  n c . =  o O  r c c i  
***«'*• CONrL'T'iFTICN FARM/RANCH - 1969 
i MONTH:_'i 
MONTH ST 1 2? 71 KWHRS 
MONTH 41 K wnrvc-
MONTH -• r.wnn.o 
MONTH = 1 KWHRS 
MONTH 5 KWHRS 
MONTH Ô 1753 KWHRS 
MONTH 7 1004 KWHRS 
MONTH 8 KWHRS 
MONTH ? 1058 KWHRS 
MON 1 H XV 2175 • KWHRS 
MONTH 11 1004 KWHRS 
MONTH 12 y V rswnr\o 
1 ij 1 "AL = -i. i / VT Kwnn» 
M V '_'_n = L.'i':r i luN — o-l. r^wnno 
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I  L U N  L » U  I  R  U  I  * * * * • •  
YEARS OF SIMULATION: 1 
r •-•wn.h.i-c.C'Z' nUUr\3 niai 
YEAR 1 1969 
nvvn — 1 / V •t. voo/y /. 
. HOUR 66 3. 85514 % 
n»_".»r. = c*. y-
HOUR 4 3. 67 ? ? 1 % 
HL'UK oc- C'. ê/yyi >• 
HOUR = 6 62 3. 6215 % 
/ 
HOUR S 66 3. 35514 % 
O/ C'. % 
HOUR - 10 6 4. 03037 % 
nU'UT. •= / n. -lu-nv-s. /. 
HOUR 12 73 
* /». «m. • 
1 J' / "f 
HOUR 14 71 4. 1472 % 
n»-*uT. 13 / -i v̂Oc«i >. 
HOUR 16 65 3. 7P673 % 
nv-T. X / / V *t. ̂ /oo/ /. 
HOUR 1 £ SI *t. /. 
1 *t- C.-fOXO /. 
HOUR = 20 cn *t. r'V0 3n /. 
HOUR 21 Si 4. 73131 % 
= 22 C'wL / -i /. 
c*t 4. ?0ô54 /. 
HOUR = 24 71 4. 1472 % 
! U I ML. = 1/1̂  ri'-f-'Ki 
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•»»*»» TOTAL MONTHLY POWER rRÛL'JCED ***** 
1969 
VC.HK. 3 * 
MONTH 1 . 2791. KWHRS 
MONTH 
MONTH 


















MONTH o . 2552. 33 r.wnr.c-









MONTH — 12 . 4007. 04 KWHRS 
1 <-< 1 ML. = 42537. 6 KWHRS 
***** EXCES il'-MM t ni_ T r '-"vir.n 
1969 
I CM n. 1 




















162?. 63 KWHRS 
MONTH - 102. 653 









! r: lU / V. .6 t^wnr\c* 
: ! ML. rvwr:r\o 
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.-4"*"*'4̂  C ONSUtlr TI ON v ti-• FARM/RANCH ~ 1970 
1 • 
M 1 nL. 1 



































1058 ' KWHRS 
KWHRS 
MONTH 12 1758 ' KWHRS 
TOTAL .  . =  21247 KWHRS 
1 MVc.nH'j'c. uMF T I ON = 58. 211 KWHRS 
1 
1 
IL'LA 1 I UN L"J 1 r U 1 •»•«•*•(*•* 
YEARS OF SIMULATION. 1 
rUwHrûIHo» nOuRS HI ST CORAM 
YEAR 1970 
riL'L'n: i *t *T /. 
nOuR 3 4 3 . 6?164 % 
nu'Jn. y y» 
HOUR 4 9 3 . 14S75 % 
n*_<L'r\ — 5 O . C'OOr'jL 
HOUR 6 2 9 3 . 14575 % 
n<_"_>r\ / o Z' . Oô -Oo y. 
HOUR = o 1 3 . 36591 % 
y %r-
HOUR 10 c-6 3. r'OoT? % 
n'_iun = 11 C'O U'. .-'C'C'/ 
HOUR 12 40 4. 34311 % 
rj«_«UK J. c- C'O n. i-iZT'C /• 











































% " — 
aSyl II Vi ? t. ??̂ 57 ocoo*t g 
TOTAL — ?21 HOURS 
***** TOTAL MONTHLY r OwE r\ r n>JL"_"_ED *• 
1970 . 
YEftK. Z 
MONTH 1 . 4469. 69 KWHRS 
MONTH 
MONTH 
















ML'N i H 
MONTH 
o 

























MONTH 12 . 8164 . o/ rswnno 
TOTAL POWER = 56275. v KWHRS 
***»» EXCESS MONTHLY rOWc.R ***** 
1970 
YEAR. Z 
MONTH = 1 1532. 64 KWHRS 
MONTH 2602. ? KWHRS 
MONTH = 3 3756. / r.wnnc» 
MONTH = h 56?" 6. 1 KWHRS 
MONTH 1 ?'3i. 4 KWHRS 
MONTH = Ô V. VC' fxwnrvo 
MONTH — 7 1162. 44 KWHRS 
MONTH = S NO EXCE z'z" rwwcn rnwDUvtu 
MONTH ? 3351. 76 KWHRS 
MONTH 10 . o KWHRS 
MONTH 11 2242 .. 9o KWHRS 
I'luN i n X  ̂ . xn 
T OT AL EXCESS = 35P6 X X KWHRS 
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CONBJMFTIÛN ***** FARM/RANCH 1971 ' 
MONTHLY 
MONTH S 1 Kwnno 
MONTH 2 67? KWnRS 
MONTH 3 3195 KWnRS 
MONTH 4 1308 KWnRS 
MONTH 5 32fS KWHRS 
MONTH 6 1530 KWnRS 
MONTH 7 1808 KWnRS 
MONTH 8 1058 KWnRS 
MONTH 9 1758 KWnRS 
MONTH 10 2175 KWnRS 
MONTH 11 1686 KWnRS 
MONTH il NwnKo 
TOTAL = 22844 KWHR3 
AVERAGE DAILY CONSUMPTION = 62. 5863 KWnRS 
iUN uvirUT***** 
r YEARS Or SIMULATION. 1 
i 
p 
Î ruwr-fxLESS HOURS HISTOGRAM 
YEAR = S 1971 
H!_iUK 1 2b w-. o;- p / ^ % 
HOUR 2 20 2. 7S552 % 
nuun, w- lis 2. ï?C»e>';'6 j. 
HOUR 4 16 2. 22841 % 
nUUn 5 18 2. ̂ 06>'6 % 
HOUR 6 20 2. 78552 % 
nUUrt / 2. 7 85 52 /« 
HOUR 8 22 3. 06407 % 
riUuni y C. OZ. x x /  y. 
HOUR 10 24 3. 3426 2 % 
n"_«>Jrv x x t. t3êo2 j. 
HOUR = 12 34 4. 73538 V. 
riOu.K cfz> t. c / to D y. 
HOUR 14 31 4. 3175 0
1 
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rtUUK 15 5̂ 61 /. • 
HOUR 16 33 4. 5961 % 
HOUR — JL / c-v t. /. 
HOUR IS 38 5. 29248 % 
ri'JiJn i> "*1 5. / lOol /. 
HOUR 20 42 5. 84958 % 
HOUR 21 41 5. 71031 y: ' ' 
HOUR 22 41 5. 71031 % 
HOUR 40 5. 57103 % 
HOUR 24 35 4. 87465 % 
TOTAL = 718 HOURS 
»•»»»» TOTAL MONTHLY POWER PRODUCED ***** 
1971 
TEAR: 3 









































MONTH 12 . 7783. 62 1 m. Kwnno 
TOTAL POWcR = 67048. 4 KWHRS 
***** EXCES :S MONTHLY POWER ***** 
1971 
YEAR. 3 









































MONTH 5334. 15 KWHRS 
1 W 1 Ml- EX '-•toi' = 43002. 1 KWHRS 
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CC'N: vMF TI C'N ***** FARM/RANCH - 1972 
MONTHLY 
MONTH 1 1423 KWHR3 
MONTH St 2000 KWHRô 
MONTH sz 3 1536 KWHRS 
MONTH t 1S35 KWHR3 
MONTH 5 1408 KWHR3 
MONTH 6 1703 KWHR3 
MONTH 7 1706 KWHRS 
MONTH S 2508 KWHRS 
MONTH 9 1823 KWHRS 
MONTH •= 10 1192 KWHRS 
MONTH 11 lo// Kwnno 
MONTH 12 1908 KWHRS 
TOTAL = 20778 KWHRS 
hvERAOE DAILY CONSOMFTION = 5c. KWHn5 
i— — 
! 
i i UN u<u i ru r* ***•*• ~ 
YEARS OF SIMULATION; 1 
r <_"v>ic.ni_c.=.c> nu'UKo niai UûAAM 




























3. 60065 % 
noun 


















n«_<v.'rv i z f  xt> /• 
HOUR 16 20 3. 27332 % 
HOUR X /  C". -i./ 
HOUR 18 24 3. 92799 % 
HUUR 19 C'C* 5. 4009c. 
HOUR 20 29 4. 74632 % 
HOUR 21 2? ~ 4. 74632 
• HOUR 22 33 5. 40098 % 
ri'JUK Zc: 30 *t. 90 y 98 /. 
HOUR 24 29 4. 74632 % 
TOTAL = 611 HOUR :3' 
***** TOTAL MONTHLY POWER FRODUCED ***** 
1972 
YEAR. 4 ' 

















































MONTH 12 . 8631 . 52 KWHRS 
TOTAL rOWcR = 69351 . 3 KWHRS 
***** EXCES nUiN 1 ni_ T r Owc-K 
1972 
YEAR. 4 














































MONTH 12 6623 . 1 KWHRS 
TUTrtU hALESS = •t/on-i. b Kwnr\o 
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CONEUMFTIûN ***** FARM/RANCH - 1973 
MONTHLY 
MONTH 1 1306 KWHR3 




































Muw 1 ri 1 C'Z'C' ' KwHnc-
1 1 AL .= 20445 ' KwniAC' 
HVCr.M'-'C. L.'H J. L.T l-uN: L'l' Ir 1 A UN - C-'o. via/ r̂ wnrvo 
«••«••••«••c.ir'liJLAT ION O'J I Fu I 
Yc.Mr.o ur i J.UN. 1 
r'-'WE-rvLc-E-z- HOURS HlriOORAM 
YEAR 5 1973 
H'JUR 
HOUR 
1 i 5 
15 3 
. 67611 
















9 9115 % 
/. 
HOUR / 1 -z- .67611 J. 







. /OA VO 


















n<_<ur\ — it) t-
HOUR 1Ô 19 4. 20334 % 
nuUn. — i t «.'OOO 
HOUR 16 24 5. 30973 % 
HUUPL = 1 V b. CO".'? / /. 
HOUR 
= 
20 26 5. 75221 y# ( 
1 nuurv 21 -it 30 7 3 % 
' HOUR 21 4. 64602 % 
n'_"_'n 1W j. .-O-iO /« 
HOUR 24 16 3. % 
TOTAL = 452 HOURS 
TOTAL MONTHLY POWER PRODUCED ***** 
1973 
Vr.MK; 5 : 





















































MONTH 12 . 7616 . / A iswnno 
1 L' 1 ML. r c'v.-r.n = 702S i r-vwnns 
**•«•*'» cAcc = M'_ N I ni_ Y r i_'w C.IA ***** 
1973 
TCHn. Z> 
MONTH 1 SI 97. 32 KWrirvS 








I'luN 1 ri 
MONTH - 5 3490 
*tt r-^wnrvc 
KWHRS 





1715. 02 KWHRS 
i'lOis 1 H 
MONTH = 
















iluiM 1 n = r^wnrvo 
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CONSvhPTIvû FARM/RANCH - 1974 
'iOl4 TnL I 
1 i 1 ?2 r.Whâi-
i 4 j n — i Livc" fswnrvo 
MONTH 3 1 C-C'C- KivHnS 
l'i'-'iN J n t i C'VO fvwnrva-
MONTH 3 ilr-2 kWHRâ 
ii'_'N 1 H o i V rvwnr\ï> 
\ MONTH T 1255 KWHRS 
l'iuN i n o 1 cvv f-.wnno 
MONTH y 1 i 00 KwHRâ 
l'i'-'n 1 n — i V J. / w r-.wnac-
MONTH = 11 1 oOO ' KwHRB 
1 h -i i L'V 
1 U 1 M!_ = 1 / OOo Kwnrvo 
ir 1 i = to. r̂ wnno 
•)>-i»--»T»"i»-r'lM'_'LAT ION OU i rùT'»-**** 
Tc.t-tp.c' O r  •:• I j.*.'!*». 1 
r '_'wc.r.i_E. = c- rivi-T. s n I » i OORAM 
YEAR = 6 1974 
HUUK = i IV C C' r- iOo 
HOUR — iO 2 - C' y 105 % 
ni-'cr. = C' o i, X — c-*t y. 
n'_".*r. = t / / — w / *t 
HL'Ur. =' / / U- y. 
HOUR 6 -i 3- 463 % 
n'-'un — / — c- OsZ» y. 
nuun — o / - / / /. 
- 1 i — o*t y# 
ni-'vrv V c - 1 i y. 
ncurv 1 1 1 c y J. V o y. 
HOUR i 10 c r IC 
n rv i •z- 1 X C'V j. c 
HOUR 4 û % 
108 
HOUR = 16 
M. 









































TOTAL = 7 HOUr 
***** TOT AL MONTHLT' FC wen, FAODUCED ***** 
1974 
rr.Mr̂  c 
MONTH = 1 . ?35 -i. / *t Kwrino 
ri'-MS I n = Z ! pOva. / / Fjwrïno 
MONTH = 3 . 6102.66 KwHRS 
I'lvix I n = H . t/co. r.wnno 
MONTH = 5 . 5732. 31 KWHR5 
i'lOr; r n — ë : ?533riû7 RwHKâ 
MONTH = 7 . 3655. 05 KWHR5 
I n = 6 I Zn33r~3T r»wnno 
MONTH = ? . 3125. 13 KWHR5 
ri'jr41 n  = Tv ! I'-to-i. Nwnnc 
n'JiN I n = i i /v3i. 6y Kwnrv» 
MONTH = nZ ! .•' ?21. 13 Kwnnô 
I u 1 ML. FOwErv = / t Kw.nno 
c A c c  3 =  1  n u  i  FvwEn ***** 
1 9 7 4  
Y EAR. 
MONTH 1 62? 6 KwHr.3 
I'lvN i n / y 1 o- *f 1 
MONTH 3 61 ? ?. 72 KwHR6 
Mu*i\ 1 n *t sZ' 1 / V. on rs.wnr\o 
MONTH = 5 4477. 58 KwHR6 
j'ivix : n •= o i t-in. r,wnr\o 
MONTH = 7 22? 1. 6? KWHR5 
i'iui'41 n — o /3l. iV-£. rvwnrvo 
MONTH - ? 1 ? 67. 23 KwHR5 
: n J. v -'O/ ̂  . /n is.wnn;o 
MONTH = 11 5136 •- ?6 KWHR6 
l'iUïM J n //iW o rxwnrvo 
1 U : ML. Awr.cr- — CC'VC 
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